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OBSERVATIONS  AND  EXPERIMENTS 

ON  THE 

MODE  IN  WHICH  VARIOUS  POISONOUS 
AGENTS  ACT  ON  THE  ANIMAL  BODY. 

By  Mr  JAMES  BLAKE. 

( From  the  Edin.  Med.  and  Surg . Journal No.  142 .) 


The  subject  of  the  following  researches  is  one,  the  importance 
of  which  is  fully  attested  by  the  attention  it  has  received  from 
physiologists.  The  action  of  poisons  on  organized  beings  has 
always  been  considered  as  a valuable  means  for  elucidating  some 
of  the  more  important  phenomena  they  present ; and  the  facilities 
which  this  class  of  substances  affords  us  of  destroying  or  modify- 
ing some  of  the  more  complex  functions  of  animals,  renders  them 
valuable  agents  in  attempting  an  analysis  of  these  functions. 
These  circumstances  have  invested  with  so  much  interest  the 
question  as  to  the  manner  in  which  poisons  produce  their  effects ; 
and  although  many  researches  have  been  undertaken  with  the 
view  of  elucidating  this  question,  the  conflicting  opinions  still 
entertained  on  this  point,  afford  sufficient  proof  that  much  still 
remains  to  be  discovered  in  this  branch  of  physiology. 

Of  the  many  opinions  that  have  been  entertained  on  the  man- 
ner in  which  poisons  produce  their  effects,  there  are  only  two  which 
it  is  now  necessary  to  notice,  as  they  express  the  views  of  by 
far  the  greater  number  of  physiologists  of  the  present  day.* 

* In  using  the  word  poison  in  these  researches,  I would  be  understood  as  apply- 
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According  to  one  of  these  opinions,  before  a poison  can  pro- 
duce any  general  effects,  it  is  essential  that  it  should  be  mixed  with 
the  blood  circulating  over  the  body,  and  thus  brought  into  contact 
with  the  nervous  tissue,  or,  at  least,  that  the  poison  should,  in  some 
manner,  be  strictly  applied  to  the  nervous  centres. 

The  other  opinion  to  which  I have  alluded  is,  that  these  poi- 
sons modify  or  destroy  the  functions  of  the  nervous  system,  by  an 
impression  made  on  the  nerves  of  the  part,  to  which  they  are  di- 
rectly applied,  and  which,  being  transmitted  to  the  nervous  centres, 
may  destroy  these  functions  independently  of  any  contact  of  the 
substance  with  the  nervous  tissue  generally. 

In  bringing  forward  a series  of  experiments  in  order  to  eluci- 
date this  question,  I would  not  be  understood  as  laying  claim  to 
any  credit  for  originality  in  these  experiments,  as  most  of  them  have 
been  performed  by  former  physiologists.  My  only  reason  for  here 
detailing  them  is,  that  in  these  researches  they  have  been  observ- 
ed with  a definite  object  in  view,  and  in  order  to  furnish  data 
which  are  not  to  found  in  those  already  published.  The  same  re- 
mark will  apply  to  the  conclusions  I have  drawn  from  those  ex- 
periments which  are  in  accordance  with  the  opinions  entertained  by 
many  distinguished  physiologists,  although  opposed  by  some  of  our 
highest  toxicological  authorities,  and  also  I think  by  thegreater  num- 
ber of  physiologists  in  this  country.  As  the  opinion  Avhich  would 
ascribe  the  general  effects  of  a poison  to  an  impression  made  on 
the  part  to  which  it  is  directly  applied,  is  in  opposition  to  the 
conclusions  to  which  a careful  investigation  of  the  subject  has  led 
me,  I shall  take  a short  review  of  the  evidence  adduced  in  sup- 
port of  this  opinion.  This  is  of  twro  kinds  ; that  afforded  by  di- 
rect experiment,  and  that  deduced  from  the  consideration  of  cer- 
tain pathological  and  physiological  facts. 

I.  I shall  at  once  proceed  to  notice  the  latter,  leaving  any  re- 
marks on  the  experimental  evidence  until  I shall  have  related  those 
experiments  which  I have  performed  on  the  subject. 

The  most  important  pathological  facts  brought  forward  are ; — 
the  sudden  manner  in  which  certain  morbid  effluvia  have  been 
stated  to  affect  the  human  body;  Qdly,  cases  of  sudden  death  taking 
place  after  the  receipt  of  a slight  wound  ; and  3 dly,  the  production 
of  tetanus  by  the  mere  local  irritation  of  a nerve.  1st , The  facts 
brought  forward  in  support  of  the  first  statement  are  derived  from 
the  sudden  effects  which  are  stated  to  have  been  produced  by  the 
effluvia  proceeding  from  certain  fomites  of  plague.  Instances  are 
reported  in  which  persons  have  fallen  down,  and  instantaneously 
expired,  whilst  conveying  these  supposed  fomites  from  the  ships. 
The  validity  of  these  statements  cannot,  I think,  be  allowed,  after 

ing  it  exclusively  to  those  substances  which  appear  to  destroy  life  by  their  effects 
on  the  nervous  system. 
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tlie  valuable  information  which  has  lately  been  communicated  to 
the  public  on  this  subject  by  Dr  Bowring,  who  has  been  an  eye- 
witness of  the  disease  in  its  worst  forms,  and  who  has  been  led  to 
conclude  that  it  is  not  infectious.  Should  the  report  in  question 
have  any  foundation,  it  will  probably  be  owing  to  mere  coinci- 
dence of  sudden  death  taking  place  at  a moment  when  the  person 
was  so  employed.  %dly.  The  same  remark  will  apply  to  cases  brought 
forward  of  sudden  death  produced  after  the  receipt  of  a slight  in- 
jury. Such  cases  must  be  exceedingly  rare,  as  Professor  Cooper, 
a gentleman  who  has  had  most  extended  opportunities  of  observ- 
ing such  cases,  did  they  really  exist,  informs  me  that  he  has  never 
met  with  an  instance  of  death  suddenly  following  a slight  injury. 
Sdly,  In  regard  to  tetanus  I would  observe,  that  we  are  not  justified 
in  concluding,  that  the  whole  of  the  morbid  phenomena  are  the  re- 
sult of  the  mere  local  irritation  of  a nerve.  It  is  highly  probable, 
that  some  pathological  state  has  been  propagated  from  the  injured 
nerve  to  the  nervous  centres,  before  the  violent  symptoms  whicb 
characterize  this  disease  manifest  themselves.  Were  the  symptoms 
the  mere  result  of  the  local  irritation  of  a nerve,  we  might  expect 
to  produce  them  at  pleasure,  by  merely  irritating  the  nerve ; but 
it  is  well  known  that  this  is  not  the  case.  In  every  instance  it 
is  necessary  that  a certain  time  shall  elapse  between  the  local  in- 
jury and  the  appearance  of  the  disease,  which  time  is  probably 
required,  in  order  that  the  pathological  condition  above  alluded  to 
may  be  produced.  It  would  thus  appear  that  we  have  no  patho- 
logical facts  which  lead  to  the  conclusion,  that  poisons  act  by  an 
impression  made  on  the  nerves  of  the  part  to  which  they  are  di- 
rectly applied. 

The  principal  physiological  facts  which  have  been  supposed  to 
support  the  opinion,  that  poisons  may  produce  their  effects  on 
the  system,  without  being  generally  applied  to  those  tissues,  the 
function  of  which  they  appear  to  destroy,  are  derived  from  the 
instantaneous  manner  in  which  some  poisons  have  been  stated  to 
act.  The  support  derived  from  this  fact,  however,  has  been  found- 
ed on  erroneous  views  which  have  been  taken,  of  the  time  requir- 
ed for  the  blood  to  circulate  from  one  part  of  the  system  to  an- 
other ; and  also  from  the  statements  of  the  instantaneous  ac- 
tion of  the  more  powerful  poisons,  being  deduced  from  incorrect 
observations.  The  following  facts  will,  I trust,  substantiate  the 
correctness  of  these  remarks,  by  showing  that  a sufficient  time 
always  elapses  between  the  application  of  a poison  and  the  ap- 
pearance of  its  first  effects,  to  allow  it  to  enter  the  circulation,  and 
to  be  directly  applied  to  the  tissue,  the  functions  of  which  are  af- 
fected. 

II.  In  order  fairly  to  enter  on  the  investigation  of  the  ques- 
tion which  is  the  more  immediate  object  of  these  researches,  it  is 
necessary  that  correct  ideas  should  be  entertained  of  the  time  re- 
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quired  for  the  blood  to  circulate  from  one  part  of  the  system  to 
another.  I shall  therefore  commence  by  relating  some  experi- 
ments which  tend  to  elucidate  this  important  point,  more  particu- 
larly as  the  conclusions  to  which  they  lead  are  not  in  accordance 
with  the  opinions  generally  entertained  on  the  subject. 

As  the  introduction  of  a poison  into  the  circulation  is  the  first 
phenomenon  that  follows  its  application  to  a part,  the  following 
experiment,  by  affording  a proof  of  the  permeability  of  the  tissues, 
shows  how  readily  this  may  take  place  : it  also  offers  a striking 
example  of  the  rapidity  with  which  the  blood  circulates. 

(Exp.  1.)  A drachm  of  the  strongest  Liquor  Ammonia , mixed 
with  five  drachms  of  water,  was  injected  into  the  jugular  vein  of  a dog. 
A glass  rod  which  had  been  dipped  in  hydrochloric  acid  was  held  im- 
mediately under  the  nostrils,  in  order  to  detect  any  ammonia  that 
might  escape  from  the  lungs.  Four  seconds  after  the  introduction 
of  the  first  drop  of  the  solution  of  ammonia  into  the  veins,  it  was 
plainly  detected  in  the  air  expired  from  the  lungs  by  the  white 
vapours  that  were  formed  on  its  coming  into  contact  with  the  va- 
pour of  the  hydrochloric  acid.  It  would  thus  appear  that  in  four 
seconds,  this  substance  must  have  passed  from  the  jugular  vein 
through  the  right  side  of  the  heart,  and  reached  the  capillaries  in 
the  lungs ; have  permeated  the  parietes  of  these  vessels,  and  es- 
caped through  the  whole  length  of  the  air  tubes.*  Analogous  ex- 
periments have  been  recorded  by  Magendie,  and  other  physiolo- 
gists, in  which  oil  holding  phosphorus  in  solution  was  injected 
into  the  veins,  phosphoric  acid  being  detected  in  the  breath  a 
few  seconds  after  its  injection. 

Having  shown  the  facility  with  which  the  tissues  are  permeat- 
ed, I shall  now  endeavour  to  elucidate  the  question  as  to  the  rapi- 
dity of  the  circulation,  by  tracing  various  substances,  from  one 
part  of  the  vascular  system  to  another.  My  experiments  on  this 
point  have  been  much  facilitated  by  the  manner  in  which  certain 
substances  have  been  found  to  act  on  different  parts  of  the  vascu- 
lar system.  + The  effects  of  these  substances  have  been  detected 

• As  the  principal  interest  attached  to  these  experiments  depended  on  the  accu- 
racy with  which  the  time  of  the  occurrence  of  the  phenomena  was  observed,  I would 
remark,  that  every  precaution  was  taken  in  order  to  obtain  correct  data  on  this  point. 

I would  also  state  that  Dr  Sharpey,  Professor  of  Physiology  in  the  London  Univer- 
sity, sanctioned  by  his  presence  the  most  important  of  these  experiments ; and  I 
with  pleasure  avail  myself  of  this  opportunity  to  return  him  my  thanks  for  the  va- 
luable assistance  and  advice  he  has  on  all  occasions  so  kindly  afforded  me. 

*f*  These  observations  are  confirmed  by  experiments  performed  on  delicate  mem- 
branes when  removed  from  the  body.  The  rapidity  with  which  these  are  permeated 
by  different  solutions,  affords  a decisive  proof  of  the  facility  with  which  this  process 
may  go  on,  particularly  when  we  consider  that  the  most  delicate  membranes  that  can 
be  used  for  these  experiments  are  probably  many  hundred  times  thicker  than  the 
parietes  of  the  capillary  vessels. 

t The  proofs  of  the  local  action  of  these  substances  has  been  derived  from  an  ex- 
tensive series  of  researches  on  the  subject,  which  will  shortly  be  brought  before  the 
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the  instant  they  take  place,  by  the  use  of  the  hemadynamometer, 
an  instrument  which  indicates,  by  means  of  a column  of  mercury, 
the  pressure  sustained  by  the  parietes  of  the  blood-vessels,  and 
which  immediately  becomes  modified  on  any  change  being  pro- 
duced, either  in  the  action  of  the  heart,  or  in  the  capillary  circu- 
lation. 

(Exp.  2.)  The  following  experiment  furnishes  an  example  of 
the  time  required  for  a substance  to  pass  from  the  jugular  vein  to 
the  capillaries  of  the  pulmonary  artery.  It  had  been  ascertained 
that  soda  and  its  salts  possess  the  property  of  arresting  the  capil- 
lary circulation  in  the  lungs.  When  this  effect  is  produced,  no 
more  blood  is  sent  into  the  left  side  of  the  heart  and  arterial  system, 
and  it  follows,  that  the  pressure  sustained  by  the  parietes  of  the 
arteries  must  be  instantly  diminished.  Fifteen  grains  of  soda 
dissolved  in  six  drachms  of  water  were  injected  into  the  jugular 
vein  of  a dog.  Six  seconds  after  the  first  portion  of  the  injection 
was  introduced,  the  pressure  in  the  arterial  system  began  to  dimi- 
nish, and  the  mercury  in  the  hemadynamometer  speedily  sank  to 
zero,  although  the  pulsations  of  the  heart  still  continued.* 

(Exp.  3.)  An  experiment  the  reverse  of  the  former  was  per- 
formed by  connecting  the  hemadynamometer  with  the  venous  sys- 
tem. When  the  passage  of  the  blood  through  the  lungs  is  arrest- 
ed, it  is  evident  that  the  venous  system  must  become  congested, 
and  thus  the  pressure  supported  by  the  parietes  of  these  vessels 
will  be  increased.  In  this  instance  six  seconds  elapsed  between 
the  introduction  of  the  substance  into  the  veins,  and  any  percep- 
tible increase  in  the  pressure. 

It  would  appear  from  these  experiments  that  soda  when  intro- 
duced into  the  jugular  vein  affects  the  capillaries  in  the  lungs  in 
from  four  to  six  seconds ; a space  of  time  rather  greater  than  that 
required  by  ammonia  to  traverse  this  distance.  This  might  arise 
from  two  causes  ; either  that  the  diffusive  power  of  some  sub- 
stances is  much  greater  than  that  of  others,  and  that  they  thus  may 
be  transmitted  from  one  part  of  the  column  of  blood  to  another, 
independently  of  its  progressive  motion  ; or  that  in  some  animals 
the  circulation  is  going  on  much  more  rapidly  than  in  others.  The 

public — Since  the  above  was  written,  the  experiments  in  question  have  been  pub- 
lished in  a memoir  read  at  the  Institute  of  France. 

* The  time  at  which  marked  effects  are  produced  might  not  be  the  moment  at 
which  the  substance  is  applied  to  the  tissue  affected  ; a slight  interval  probably 
elapses  between  the  arrest  of  the  capillary  circulation  in  the  lungs  and  the  diminish- 
ed pressure  in  the  arterial  system.  The  time,  therefore,  in  which  these  effects  were 
observed  is  probably  a second  or  two  later  than  that  on  which  the  soda  reached 
the  capillaries.  The  importance  of  taking  into  consideration  even  these  apparently 
trifling  circumstances  will  be  acknowledged,  when  it  is  shown  that  an  interval  of  two 
or  three  seconds  forms  a considerable  fraction  of  the  whole  of  the  time  required  for 
the  circulation  to  be  completed  in. 
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next  points  between  which  I shall  endeavour  to  trace  the  passage 
of  a substance  are  the  jugular  vein  and  carotid  artery. 

(Exp.  4.)  The  following  experiment,  although  it  does  not 
afford  a direct  proof  of  the  time  occupied  by  a substance  in  pas- 
sing from  one  of  these  vessels  to  the  other,  yet  shows  that  it  can- 
not, in  this  instance,  have  exceeded  seven  seconds.  A tube,  fur- 
nished with  a stop-cock,  was  inserted  into  the  carotid  artery  of  a 
dog,  the  point  of  the  tube  looking  towards  the  heart.  A solu- 
tion, containing  seventy-five  grains  of  chloride  of  barium  in  six 
drachms  of  water,  was  introduced  into  the  jugular.  Blood  was  al- 
lowed to  escape  from  the  carotid  artery  three  seconds  after  the  in- 
troduction of  the  salt  into  the  vein,  and  was  received  into  a ves- 
sel (No.  1)  for  four  seconds.  Another  vessel  (No.  2)  was  then 
substituted,  but  as  the  action  of  the  heart  was  already  arrested, 
a small  quantity  of  blood  only  escaped  from  the  arteries  into  it ; 
the  blood  from  the  left  side  of  the  heart  was  afterwards  added  to 
it.  The  blood  from  the  right  cavities  of  the  heart  was  collected 
in  another  vessel,  (No.  3.)  The  quantities  of  blood  contained 
in  these  different  specimens  were  as  follows : No.  1.  contained  four 
fluid  drachms ; No.  2.  twelve  drachms  ; and  No.  3.  twenty  drachms. 
Each  specimen  was  evaporated,  carefully  incinerated  in  platinum 
vessels,  treated  with  hydrochloric  acid,  filtered,  precipitated  with 
sulphate  of  soda  ; the  precipitate  was  collected,  washed^ with  di- 
luted nitric  acid,  dried  and  weighed. 

The  following  are  the  results  : The  quantity  of  sulphate  of 
baryta  furnished  by  No.  1 weighed  3.33  grains  ; that  from  No. 
S,  weighed  4.62  grains  ; and  from  No.  3,  0.90  grain.  If  from 
these  data  we  calculate  the  quantity  contained  in  equal  quanti- 
ties of  blood  in  the  different  specimens,  it  appears  that  No.  1 con- 
tained 3.33  grains  in  four  fluid  drachms  ; No.  2 contained  1.54 
grains  in  an  equal  quantity  ; and  No  3 but  0.18  grain  in  the  four 
drachms.  This  proves  that  the  blood  which  contained  the  great- 
est proportion  of  the  salt  had  already  passed  through  the  arch  of 
the  aorta  before  the  action  of  the  heart  was  arrested,  or  in  less 
than  seven  seconds  after  the  introduction  of  the  salt  into  the  jugu- 
lar vein.  If  we  consider  that  when  the  first  vessel  was  removed, 
a considerable  quantity  of  the  salt  had  already  entered  it,  we  must 
conclude  that  the  moment  of  its  first  escape  from  the  carotid 
could  not  have  been  later  than  five  seconds  after  its  introduction 
into  the  jugular  vein.  The  very  slight  trace  of  the  salt  found  in 
the  blood  from  the  right  cavities  shows  how  completely  the  blood 
had  been  renewed. 

The  following  observations  will  show  the  time  required  for  a 
substance  to  pass  from  the  jugular  vein  to  the  termination  of  the 
coronary  arteries.  This  may  be  ascertained  by  availing  ourselves 
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of  a property  which  some  substances  possess  of  suddenly  paralyzing 
the  heart  when  mixed  with  the  blood  circulating  over  its  parietes. 

Examples  of  such  substances  are  found  in  infusion  of  tobacco, 
oil  of  tobacco,  the  Upas  antiar , arsenic,  oxalic  acid,  nitrate  of  po- 
tass, and  hydrocyanate  of  potass,  all  of  which,  whether  they  act  on 
other  textures  or  not,  have  the  property  of  speedily  destroying  the 
irritability  of  the  heart,  and  thereby  rendering  it  unable  to  con- 
tract in  its  contents. 

(Exp.  5.)  On  injecting  a solution  of  these  substances  into  the 
veins,  an  interval  varying  from  seven  to  fourteen  seconds  has  been 
found  to  elapse  between  their  introduction  and  the  arrest  of  the 
heart’s  action.  The  cessation  of  the  action  of  the  heart  has  generally 
been  ascertained  by  the  use  of  the  hemadynamometer,  but  in  one 
experiment,  in  which  the  thorax  was  opened,  artificial  respiration 
being  performed,  the  motion  of  the  heart  was  seen  to  be  suddenly 
stopped,  seven  seconds  after  the  introduction  of  the  first  portion 
of  a solution  of  nitrate  of  potash  (one  of  those  substances  which 
exert  this  affect  on  the  heart)  into  the  jugular  vein. 

I shall  now  relate  an  example  illustrating  the  space  of  time  re- 
quired for  a substance  to  pass  from  the  commencement  of  the 
aorta  and  to  be  generally  diffused  into  the  systemic  capillaries. 
The  manner  in  which  this  can  be  observed,  is  by  injecting  a sub- 
stance, which  had  been  ascertained  to  arrest  the  capillary  circula- 
tion, into  the  axillary  artery  of  the  right  side,  the  point  of  the 
syringe  looking  towards  the  heart : when  pushed  with  force,  the 
injection  is  thrown  back  into  the  aorta,  and  thus  becomes  distri- 
buted over  the  body.  The  hemadynamometer  furnishes  an  index 
of  the  moment  in  which  the  capillary  circulation  becomes  affected, 
for  the  pressure  in  the  arteries  becomes  instantly  increased.  When 
a substance  capable  of  exerting  such  an  action  on  the  capillaries 
is  injected,  it  is  found  that  these  vessels  become  affected  in  an  in- 
terval varying  from  four  to  seven  seconds  after  its  first  introduc- 
tion. It  has  already  been  shown  in  Exp.  3,  that  the  interval 
which  elapses  between  the  introduction  of  a substance  into  the  ju- 
gular vein,  and  its  appearance  in  the  carotid  artery,  may  not  be 
more  than  five  seconds.  From  this  point  four  seconds  may  be  re- 
quired before  it  is  distributed  to  the  systemic  capillaries  ; thus 
giving  an  interval  of  nine  seconds,  which  may  intervene  between 
the  introduction  of  a substance  into  the  jugular  vein,  and  its  ge- 
neral diffusion  throughout  the  body. 

(Exp.  6.)  I shall  conclude  the  observations  I have  to  bring  for- 
ward on  this  part  of  the  subject,  by  relating  one  experiment  which 
shows  the  timerequired  for  asubstance  to  pass  from  the  aorta  through 
the  whole  of  the  vascular  system,  back  into  that  vessel,  and  thence 
through  the  coronary  arteries  over  the  parietes  of  the  heart.  A sub- 
stance capable  of  paralyzing  the  action  of  the  heart  was  injected  into 
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the  axillary  artery,  so  as  to  pass  into  the  aorta.  Under  these  cir- 
cumstances, a space  of  time,  varying  from  thirty-five  to  forty-five 
seconds,  has  been  found  to  elapse  between  the  introduction  of  the 
substance  and  the  cessation  of  heart’s  action.  I would  remark, 
however,  that  all  those  substances  which  act  in  this  manner  on  the 
heart  also  possess  the  property  of  impeding  the  passage  of  the 
blood  through  the  capillaries  for  a time  varying  from  fifteen  to 
twenty-five  seconds,  so  that  these  experiments  furnish  no  exact  in- 
dication of  the  time  in  which  a substance  which  does  not  possess 
this  property  may  pass  between  the  points  above  alluded  to. 
From  those  experiments  in  which  the  phenomena  would  be  ob- 
served with  the  greatest  accuracy,  I conclude,  that  the  time  re- 
quired for  a substance  which  does  not  act  on  the  capillary  tissue, 
to  pass  from  any  part  of  the  vascular  system  back  to  the  same  point 
again,  varies  in  dogs  from  twelve  seconds  to  twenty  seconds.  These 
conclusions  are  in  perfect  accordance  with  those  arrived  at  by 
Hering  from  a series  of  carefully  conducted  experiments  on  horses, 
in  which  he  found  that  the  whole  round  of  the  circulation  was 
completed  in  about  twenty-five  seconds. 

Having  now  the  requisite  date  by  which  to  determine  the  time 
in  which  a substance  can  be  circulated  over  the  body,  I shall  pro- 
ceed to  relate  some  experiments  which  have  been  performed  with 
a view  of  discovering  if  a sufficient  interval  elapses  between  the 
application  of  those  poisons  which  have  been  shown  to  act  on  the 
nervous  system,  and  the  first  symptom  of  their  effects,  to  allow 
them  to  be  brought  into  contact  with  the  nervous  tissue  through- 
out the  body.  Experiments  have  been  tried  with  concentrated 
hydrocyanic  acid,  woorara,  nicotine,  conia,  and  strychnia, — poi- 
sons which  have  been  shown  to  produce  the  most  rapid  effects  on 
the  animal  economy. 

(Exp.  7.)  Half  a drachm  of  concentrated  hydrocyanic  acid  was 
prepared  by  passing  sulphuretted  hydrogen  over  the  bicyanide  of 
mercury.  The  gas  being  previously  dried  by  passing  it  over 
chloride  of  calcium,  the  acid  was  collected  in  a receiver  surround- 
ed by  a freezing  mixture.  It  was  used  immediately  after  its  pre- 
paration. In  order  to  insure  a marked  effect  being  produced,  the 
whole  of  the  acid  was  poured,  on  the  tongue  of  a strong  dog,  weigh- 
ing about  eighteen  pounds,  the  head  being  kept  elevated.  Eleven 
seconds  elapsed  between  the  application  of  the  poison  and  the  ap- 
pearance of  any  morbid  symptom.  The  respiration  then  became 
affected.  The  animal  was  dead  thirty-three  seconds  after  the  ad- 
ministration of  the  poison.  If  a tube  be  introduced  into  the 
trachea,  through  which  the  animal  can  breathe,  a longer  interval 
elapses  between  the  application  of  the  poison  and  the  appearance 
of  its  effects.  This  is  probably  owing  to  the  acid  not  being  in- 
haled with  the  breath  ; for  on  account  of  the  extreme  volatility  of 
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the  strong  acid,  it  is  converted  into  vapour  the  instant  it  comes 
into  contact  with  so  warm  a surface  as  the  mouth,  and  in  this 
state  it  is  applied  to  the  capillaries  in  the  lungs,  and  rapidly  ab- 
sorbed. It  thus  has  a shorter  distance  to  pass  through  before 
reaching  the  nervous  centres  than  when  it  enters  the  capillaries  of 
the  mouth,  and  circulates  through  the  right  side  of  the  heart. 

(Exp.  8.)  A tube  being  introduced  into  the  trachea  of  a dog,  a 
drachm  of  the  strong  acid  was  poured  on  the  tongue  of  the  animal. 
Sixteen  seconds  elapsed  before  any  symptom  of  the  action  of  the 
poison  manifested  itself,  and  the  animal  died  about  forty-five  se- 
conds after  the  application  of  the  poison.  These  experiments 
have  been  repeated  twice,  and  always  with  the  same  results.  They 
show  that,  in  these  instances  at  least,  a sufficient  interval  has  al- 
ways elapsed  between  the  application  of  the  acid,  and  the  moment 
when  its  first  effects  were  produced,  to  allow  of  its  being  brought 
into  contact  with  those  tissues  on  which  it  appears  to  act. 

(Exp.  9.)  The  woorara  is  a poison  which  has  been  stated  to  pro- 
duce  instantaneous  effects  when  introduced  into  the  circulation. 
As  it  is  not  very  rapidly  absorbed,  the  readiest  way  of  testing  its 
action  was  by  injecting  it  into  the  veins.  Five  grains  of  the  poi- 
son dissolved  in  five  drachms  of  water  were  injected  into  the  ju- 
gular vein  of  a dog.  Twenty  seconds  elapsed  before  any  symp- 
tom of  the  action  of  the  poison  could  be  observed.  Violent  con- 
vulsions were  then  produced,  and  the  animal  was  dead  about  forty- 
five  seconds  after  the  introduction  of  the  poison.  This  experi- 
ment has  been  repeated  three  times,  and  has  constantly  furnished 
analogous  results  ; the  time  required  for  the  poison  to  produce  its 
first  effects  varying  from  sixteen  to  twenty- three  seconds.  * 

{Exp.  10.) — The  active  principle  of  the  hemlock,  orconia,  is  a 
poison  which  has  been  stated  by  Dr  Christison  to  produce  effects 
so  rapid,  that  an  appreciable  interval  did  not  elapse  between  the 
introduction  of  the  poison  and  the  death  of  the  animal. — (See 
Transactions  of  the  Royal  Society  of  Edinburgh.) 

Having  obtained  a considerable  quantity  of  conia  from  an  alco- 
holic extract  of  the  seeds  of  Coninm  maculatum , and  which  ex- 
actly resembled  in  physical  and  chemical  characters  that  described 
by  Dr  Christison,  I proceeded  to  try  the  following  experiment, 
using  a large  dose  of  the  poison,  in  order  to  insure  a marked  effect 
the  moment  it  should  begin  to  act. 

Ten  drops  of  conia,  neutralized  with  a small  portion  of  diluted 
hydrochloric  acid,  were  injected  into  the  femoral  vein  of  a dog  by 

* The  poison  was  procured  for  me  by  my  respected  Professor,  Dr  A.  T.  Thomp- 
son, whom  I have  to  thank  for  the  valuable  assistance  he  has  afforded  me  whilst  con- 
ducting these  experiments. 
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means  of  a finely  pointed  glass  syringe.*  Fifteen  seconds  elapsed 
between  the  introduction  of  the  poison  and  the  appearance  of  any 
symptoms  of  its  action.  The  respiration  was  then  violently  affect- 
ed, and  the  animal  was  dead  thirty  seconds  after  the  injection  of 
the  poison;  — thus  affording  a proof  of  its  virulence;  for  by  no  other 
substance  that  I have  used  has  death  been  produced  in  so  short  a 
time.  This  experiment  has  been  repeated  four  times,  and  in  no 
instance  have  any  symptoms  manifested  themselves  in  less  than 
fifteen  seconds. 

(Eocp.  11.)  The  next  substance  whose  action  I have  tried  isni- 
cotina,  or  the  active  principal  of  tobacco.  Two  drops  were  inject- 
ed into  the  jugular  vein  of  a dog.  The  first  symptoms  of  its  ac- 
tion manifested  appeared  fifteen  seconds  after  the  injection.  The 
animal  was  dead  in  about  one  minute  and  a half  after  the  admini- 
stration of  the  poison. 

When  this  substance  was  applied  to  the  tongue,  an  interval  of 
twenty  seconds  elapsed  before  any  marked  symptoms  manifested 
themselves. 

(Exp.  12.)  The  striking  effects  produced  by  nux  vomica  are 
such  as  enable  it,  the  moment  on  which  these  are  first  produced,  to 
be  carefully  appreciated.  A solution  containing  twelve  grains  of 
the  alcoholic  extract  wras  introduced  into  the  jugular  vein  of  a dog. 
Convulsive  movements  were  observed  twelve  seconds  after  the  in- 
troduction of  the  first  portion  of  the  injection.  The  animal  died 
in  about  a minute  and  a half. 

These  experiments,  I think,  furnish  sufficient  proof  that  the 
opinion  of  the  instantaneous  action  of  poisons  must  be  founded  on 
incorrect  observations.  An  interval,  never  less  than  twelve  se- 
conds, has  been  shown  to  elapse  between  the  application  of  a poi- 
son and  the  first  symptom  of  its  action;  an  interval  in  itself  so 
short  as  might  almost  justify  its  being  neglected,  particularly  in 
the  present  state  of  opinion  of  physiologists  on  the  rapidity  with 
which  the  organic  processes  are  carried  on  ; but  which  becomes  of 
importance  when  compared  with  the  time  actually  occupied  for  the 
performance  of  these  processes,  as  it  is  quite  sufficient  for  a poison 
to  be  brought  into  general  contact  with  those  tissues  it  affects. 
This  being  the  case,  it  is  unphilosophical  to  suppose  that  these  ef- 
fects on  the  nervous  centres  are  owing  to  an  impression  communi- 
cated to  them  by  the  nerves,  and  not  the  result  of  the  direct  ap- 
plication of  the  poison  to  them. 

The  following  experiment  supports  these  conclusions,  by  sliow- 

* In  order  to  prevent  the  contact  of  the  poison  with  the  blood  until  the  moment 
when  the  injection  was  pushed,  a small  portion  of  oil  was  drawn  into  the  point  of 
the  syringe,  which  could  thus  be  introduced  into  the  vein  in  readiness  to  push  the  in- 
jection on  a signal  being  given,  without  any  danger  of  the  poison  becoming  mixed 
with  blood. 
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ing  that  the  nearer  to  the  nervous  centres  is  the  part  of  the  vascu- 
lar system  into  which  the  poison  is  introduced,  the  more  rapid  is 
its  action. 

By  injecting  a poison  which  acts  on  the  nervous  system  into  the 
aorta,  the  distance  it  has  to  traverse  before  reaching  the  nervous 
centres  is  much  less  than  when  it  is  introduced  into  the  venous 
system.  We  should  thus  have  an  appreciable  difference  in  the 
interval  elapsing  between  its  introduction  and  the  appearance  of 
the  first  symptom  of  its  effects,  whether  it  be  introduced  into  the 
artery  or  the  vein. 

(Eoop.  \3.)  A tube  was  introduced  into  the  axillary  artery  of  a 
dog.  Five  grains  of  woorara,  dissolved  in  two  drachms  of  water, 
were  injected,  so  that  it  should  pass  into  the  aorta.  ' The  first 
symptoms  of  the  action  of  the  poison  manifested  themselves  seven 
seconds  after  the  injection,  and  the  animal  was  dead  in  thirty  se- 
conds after  the  introduction  of  the  poison. 

On  comparing  this  experiment  with  Experiment  7,  we  find  a 
difference  of  some  seconds  elapsing  in  the  first  appearance  of  the 
action  of  the  same  poison,  according  as  it  is  introduced  into  the  ner- 
vous or  arterial  system.  Analogous  experiments  have  been  per- 
formed with  other  substances,  and  constantly  with  the  same  results. 

As  the  evidence  derived  from  these  experiments  in  support  of 
the  theory  of  general  diffusion  being  necessary  for  the  action  of  a 
poison  is  only  presumptive,  the  present  state  of  our  knowledge  not 
allowing  us  to  detect  their  presence  in  the  nervous  tissue,  I have 
endeavoured  to  strengthen  it,  by  showing  that  the  mere  contact 
of  a poison  with  a large  extent  of  surface  is  not  sufficient  to  pro- 
duce any  general  effects,  as  long  as  it  is  prevented  entering  the 
general  circulation.  The  only  parts  available  for  these  researches 
are  the  abdominal  viscera,  on  account  of  the  facility  with  which 
they  can  be  insulated  from  the  general  circulation,  their  connec- 
tion with  the  nervous  system  remaining  unimpaired.* 

(Exp.  14.)  The  abdomen  of  a dog  was  laid  open.  A ligature 
was  passed  under  the  vessels  entering  the  liver,  and  tied.  Three 
drachms  of  hydrocyanic  acid  of  Scheele’s  strength,  containing  3.3 
per  cent,  of  acid,  were  introduced  into  the  stomach  through  an 
opening  made  in  its  parietes.  The  poison  was  thus  brought  into 
contact  with  a large  surface,  .freely  supplied  with  nerves,  at  least 
with  those  nerves  on  which  poisons  are  supposed  more  particularly 
to  produce  these  impressions.  (See  Addison  and  Morgan  on 
Poisons,  page  35.)  Under  these  circumstances,  the  poison  re- 
mained in  the  stomach  ten  minutes,  without  producing  the  slight- 
est general  effect.  The  ligature  on  the  vena  portae  was  then  re- 

* I am  aware  that  analogous  experiments  have  been  performed  by  Magendie,  Se- 
galas,  and  other  physiologists,  but  as  those  i have  to  bring  forward  differ  from  theirs, 
and  afford  a more  complete  proof  of  the  fact  I wish  to  establish,  I have  thought  it 
advisable  to  relate  them. 
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moved,  so  as  to  restore  the  circulation  over  the  viscera.  One  mi- 
nute after  the  removal  of  the  ligature,  the  animal  began  to  expe- 
rience the  effects  of  the  poison.  The  ligature  was  again  replaced; 
but  before  this  could  be  effected,  a sufficient  quantity  of  the  poison 
had  been  absorbed  to  arrest  the  respiratory  movements,  and  the 
animal  must  have  speedily  perished,  had  not  artificial  respiration 
been  had  recourse  to.  After  this  had  been  continued  eight  mi- 
nutes, the  animal  was  sufficiently  recovered  to  continue  the  respi- 
ratory movements  itself.  After  a short  interval  the  ligature  from 
the  vena  portce  was  again  removed.  The  animal  was  dead  in 
two  minutes. 

This  experiment  affords  a strong  proof  of  the  non-action  of 
poisons  when  merely  applied  to  the  extremities  of  nerves,  for  not 
only  did  the  poison  produce  no  effects  before  it  entered  the  cir- 
culation, but  we  find  the  animal  recovering  from  the  effects  of  the 
poison,  with  three  drachms  of  hydrocyanic  acid  still  in  its  stomach.* 

(Eocp.  15.)  As  it  might  be  objected  to  this  last  experiment  that 
the  nerves  to  which  the  poison  was  applied  were  not  in  their  na- 
tural condition,  on  account  of  the  circulation  not  going  on  over 
them ; and  that  they  were  thus  rendered  incapable  of  transmit- 
ting any  impression  that  might  be  made  on  them,  the  following 
modification  of  the  experiment  was  devised. 

The  abdominal  aorta  of  a dog  was  exposed,  and  a ligature  pas- 
sed around  it,  immediately  above  the  origin  of  the  coeliac  axis 
and  mesenteric  arteries.  A tube  was  then  introduced  into  the 
aorta,  directly  below  the  origin  of  these  vessls,  so  that  any  injec- 
tion introduced  through  the  tube  must  pass  into  them.  A liga- 
ture was  passed  round  the  vessels  entering  the  liver,  and  an  open- 
ing was  made  in  the  vena  portce , so  as  to  allow  the  blood  to  cir- 
culate over  the  viscera,  when  the  ligature  was  removed  from  the 
aorta.  Five  grains  of  woorara,  dissolved  in  four  drachms  of  wa- 
ter, were  now  introduced  through  the  tube,  and  passed  into  the 
coeliac  axis  and  mesenteric  arteries.  The  ligature  from  the  aorta 
was  then  removed,  and  thus  the  blood  containing  the  poison  was 
circulated  over  the  whole  of  the  abdominal  viscera,  and  applied  to 
the  extremities  of  the  nerves,  in  circumstances  favourable  for  the 
transmission  of  any  impression  that  might  be  made  on  them  by 
this  large  dose  of  poison.  Seven  minutes,  however,  elapsed  be- 

* The  explanation  that  has  been  brought  forward  of  the  sudden  action  of  some 
poisons  by  Muller  and  those  physiologists,  who  consider  that  the  circulation  requires 
one  or  two  minutes  to  be  completed  in,  and  yet  who  allow  that  poisons  only  act 
when  applied  to  the  nervous  centres,  is  shown  by  this  experiment  to  be  incorrect. 
They  state  that  the  poison  becomes  applied  to  the  brain  and  spinal  chord  by  diffu- 
sion and  imbibition  through  the  tissues,  independently  of  its  being  transmitted  by 
the  blood.  Yet,  in  this  instance,  we  have  the  poison  they  bring  forward  as  possessing 
this  power  of  expansion  in  the  highest  degree  in  contact  with  a large  surface  of 
the  body  without  giving  any  proof  of  its  having  reached  the  nervous  centres,  inde- 
pendently of  its  transmission  by  the  blood. — (See  Muller’s  Physiology,  translated  by 
Baly,  p.  247.) 
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fore  tlie  slightest  symptom  of  the  action  of  the  poison  manifested 
itself,  and  the  animal  did  not  die  until  fifteen  minutes  after  the 
introduction  of  the  poison  ; even  then  it  is  probable  death  was 
produced  by  the  blood  containing  the  poison  having  escaped  from 
the  vena  portce  into  the  cavity  of  the  abdomen,  from  whence  a 
portion  of  the  poison  was  again  absorbed  and  carried  into  the  ge- 
neral circulation. 

Any  remarks  on  these  experiments  would  be  perfectly  super- 
fluous, the  striking  nature  of  the  facts  clearly  showing  the  point 
they  were  intended  to  illustrate.  I would  only  observe  that  they 
are  in  perfect  accordance  with  a number  of  facts  brought  forward 
by  other  physiologists. 

III.  It  now  only  remains  for  me  to  notice  some  experiments  that 
have  been  brought  forward  by  Messrs  Addison  and  Morgan,  in  their 
Essay  on  the  operation  of  poisonous  agents,  (Lond . 1 829, ) and  which , 
if  free  from  fallacy, would  prove  that  some  poisons  can  produce  gene- 
ral effects  from  an  impression  made  on  the  nerves  of  the  part  to  which 
they  are  directly  applied.  The  most  important  experiment  adduced 
by  these  gentlemen  in  support  of  the  local  action  of  a poison  is  that 
in  which  the  jugular  vein  of  a dog  was  exposed  in  a considerable 
part  of  its  course.  Two  ligatures  were  applied  to  it,  three  inches 
apart ; a portion  of  woorara  was  introduced  into  that  part  of  the 
vessel,  comprised  between  the  ligatures,  and  the  upper  ligature 
was  then  removed.  The  blood  was  thus  brought  into  contact 
with  the  poison  which  became  applied  to  the  parietes  of  the  vein. 
In  these  circumstances,  it  is  stated  that  the  poison  rapidly  pro- 
duced its  effects ; and  it  is  concluded  that  these  effects  were  ow- 
ing to  an  impression  made  on  the  nerves  of  the  insulated  portion 
of  the  vein. 

I would  observe,  however,  that  there  must  evidently  be  some 
fallacy  in  this  experiment,  for  had  the  vein  been  perfectly  insu- 
lated in  the  space  comprised  between  the  two  ligatures,  the  only 
parts  by  which  it  still  remained  connected  with  the  system  were  at 
those  parts  of  the  vessel  beyond  the  ligatures,  and  thus,  as  far  as 
nervous  communication  was  concerned,  it  was  in  the  same  condi- 
tion as  if  it  had  been  removed  entirely  from  the  body,  for  a liga- 
ture still  was  around  the  lower  part  of  the  vessel,  and  one  had  pre- 
viously been  placed  around  the  upper  portion  ; an  assertion  quite 
sufficient  to  incapacitate  the  nerves  which  had  been  included  in  it, 
from  performing  their  functions,  and  thus  there  remained  no  means 
by  which  an  impression  made  on  the  nerves  in  the  insulated  por- 
tion of  the  vessel  would  be  transmitted  to  the  nervous  centres. 
As  this  obvious  source  of  fallacy  must  have  struck  the  authors  of 
the  experiment  did  it  really  exist,  I conclude  that  the  vein  could 
only  have  been  partially  separated  from  the  surrounding  tissues. 
In  this  case  we  have  a ready  explanation  of  the  action  of  the  poi- 
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son,  the  free  anastomoses  which  exist  between  the  veins  of  oppo- 
site sides  readily  permitting  the  poison  to  become  mixed  with 
blood  circulating  through  the  body.  Even  supposing  the  com- 
plete insulation  of  the  vein,  the  ready  manner  in  which  solutions 
become  diffused  through  fluids,  would  forbid  the  conclusion  that 
the  solution  of  the  poison  in  the  blood  could  be  confined  to  the 
insulated  portion  of  the  vessel.  It  must  speedily  become  mixed 
with  the  blood  in  the  upper  part  of  the  vessel,  above  the  point  at 
which  it  was  insulated,  and  thus  could  readily  enter  the  general 
circulation. 

Another  experiment  brought  forward  by  these  gentlemen 
to  prove  that  a poison  does  not  exert  its  effects  by  being  ta- 
ken into  the  blood,  and  thus  applied  to  the  nervous  centres,  is 
one  in  which  they  connect  the  carotid  arteries  of  two  dogs  in  such 
a manner,  that  they  suppose  the  blood  from  the  heart  of  the  one 
dog  is  sent  to  the  brain  of  the  other.  This  supposition,  however, 
is  entirely  opposed  to  the  physical  arrangement  of  the  vessels  that 
supply  the  brain.  Were  the  carotids  the  only  vessels  going  to  this 
organ  the  experiment  would  be  a fair  one  ; but  in  the  dog  the  ver- 
tebral arteries  are  so  large  as  readily  to  furnish  a sufficient  supply 
of  blood  to  the  brain,  even  when  the  carotids  are  tied.  The  only 
condition  in  which  the  blood  could  pass  from  one  animal  to  the 
other  is  by  the  pressure  of  the  blood  on  the  parietes  of  the  supe- 
rior end  of  the  carotid  of  each  dog  being  less  than  the  pressure  on 
the  inferior  portion  of  the  carotid  of  the  dog  with  which  it  was  con- 
nected, and  the  quantity  of  blood  that  passed  would  be  in  propor- 
tion to  the  difference  of  pressure  on  the  two  ends  of  the  tube  con- 
necting the  vessels.  I have  ascertained  by  direct  experiment  with 
the  hemadynamometer,  that  the  pressure  exerted  on  the  parietes 
of  a tube,  inserted  into  the  distant  extremity  of  the  carotid,  is  less 
by  a column  of  mercury  of  not  more  than  two  or  three-tenths  of 
an  inch,  than  the  pressure  on  a tube  inserted  into  the  end  nearer 
the  heart.  If  we  suppose,  therefore,  that  the  pressure  in  the  ar- 
terial system  of  each  animal  was  originally  equal,  (a  fact  by  no 
means  probable,)  it  is  evident  that  but  a very  small  quantity  of 
blood  can  pass  from  the  arteries  of  one  animal  to  those  of  the 
other,  and  this  only  whilst  both  are  in  the  same  state.  As  soon 
as  the  poison  begins  to  exert  its  influence  on  either  animal,  the 
pressure  in  its  arterial  system  will  be  diminished,  and  thus,  far 
from  blood  containing  the  poison  being  sent  to  the  brain  of  the 
sound  animal,  the  only  effect  of  this  arrangement  will  be  to  cause 
a reflux  of  pure  blood  from  the  arteries  of  the  sound  dog  into 
those  of  the  poisoned  one.  It  is  not  surprising  that,  under  these 
circumstances,  the  experiment  furnished  a negative  result.  It  is 
evident  that  from  neither  of  these  experiments  can  any  argument 
be  deduced  in  favour  of  the  local  action  of  poisons. 

I shall  now  draw  up  a short  abstract  of  the  facts  which  these  ex- 
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periments  have  been  intended  to  illustrate,  observing,  that  in  us- 
ing the  word  poisons,  I would  only  now  allude  to  those  which  ap- 
pear to  act  on  the  nervous  system. 

1.  That  the  time  required*  by  a substance  to  permeate  the  ca- 
pillary vessels  may  be  considered  as  inappreciable. 

2.  That  the  interval  elapsing  between  the  absorption  of  a sub- 
stance by  the  capillaries  and  its  general  diffusion  through  the  body 
may  not  exceed  nine  seconds. 

3.  That  an  interval  always  more  than  nine  seconds  elapses  be- 
tween the  introduction  of  a poison  into  the  capillaries  or  veins  and 
the  appearance  of  its  first  effects. 

4.  That,  if  a poison  be  introduced  into  a part  of  the  vascular 
system  nearer  the  brain,  its  effects  are  produced  more  rapidly. 

5.  That  the  contact  of  a poison  with  a large  surface  of  the  body 
is  not  sufficient  to  give  rise  to  general  symptoms,  as  long  as  its 
general  diffusion  through  the  body  is  prevented. 

* In  regard  to  the  statement  as  to  the  time  required  for  substances  to  be  dif- 
fused through  the  body  I would  observe  that  all  my  experiments  have  been  per- 
formed on  full  grown  dogs.  It  is  probable  that  these  observations  might  require 
to  be  slightly  modified  in  applying  them  to  other  animals.  It  is  also  evident  that 
a difference  must  exist  in  the  time  occupied  by  a substance  in  reaching  the  capil- 
laries in  different  parts  of  the  body.  The  time  here  given,  or  nine  seconds,  is  that 
in  which  I conclude  a substance  may  be  applied  over  the  greater  part  of  the  body, 
more  particularly  to  the  central  parts  of  the  nervous  system.  It  would  appear  that 
seven  seconds  may  suffice  for  its  being  conveyed  to  the  capillary  terminations  of  the 
coronary  arteries. 
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ON  THE  ACTION  OF  POISONS. 


In  directing  the  attention  of  the  Society  to  a point,  which,  dur- 
ing the  past  century,  has  been  so  fully  discussed  by  physiologists, 
it  might  be  supposed  that  I should  find  a difficulty  in  bringing 
forward  anything  which  may  be  worthy  of  its  notice.  But,  far 
from  being  exhausted  from  the  labour  that  has  been  bestowed  upon 
it,  the  subject  of  the  action  of  poisons  on  the  animal  economy,  still 
presents  to  us  one  of  the  richest  fields,  from  which  we  may  obtain 
facts  for  the  advancement  of  that  branch  of  knowledge,  on  which 
medicine,  as  an  inductive  science,  must  be  founded.  The  effects 
produced  by  poisons  are,  in  fact,  but  the  most  striking  instances— 
the  extreme  cases,  in  a series  of  phenomena,  which  comprehends 
not  only  the  entire  destruction  of  the  functions  of  an  organ,  but 
even  the  slightest  modifications  which  these  functions  may  receive* 
It  is  not  the  mere  explanation  of  a few  isolated  phenomena  that  is 
embraced  by  this  part  of  physiology,  for  the  prospects  that  its  pur- 
suit presents  to  us  are,  perhaps,  as  unbounded  as  any  that  ever 
excited  the  imagination  of  a Paracelsus,  the  vista  it  opens  to 
our  view,  promises  apparently  to  conduct  us  farther  into  the  arcana 
of  nature,  than  the  daring  of  Prometheus  would  have  led  him. 

But  if  such  are  the  fruits  that  are  to  be  obtained  from  the  culti- 
vation of  this  branch  of  science,  how  is  it,  it  may  be  justly  asked, 
that  the  labour  which  has  been  already  bestowed  on  it,  has  pro- 
duced such  slight  results  ? and  to  what  must  we  attribute  the 
want  of  success  that  has  hitherto  attended  its  investigation  ? For- 
tunately for  the  future  prospects  of  science,  this  sterility  can  be 
proved  to  be  owing  to  the  unphilosophical  manner  in  which  the 
subject  has  been  pursued,  rather  than  to  any  inherent  barrenness 
of  the  soil.  If,  after  two  centuries  of  research,  physiologists  are 
not  yet  agreed  on  the  most  fundamental,  and  apparently  the  most 
simple  questions  connected  with  this  subject,  it  is  not  that  it  pre- 
sents to  us  problems  which  are  above  our  reason  to  solve,  or  phe- 
nomena which  are  not  amenable  to  those  law's  which  govern  the 
universe ; but  it  is  in  the  method  by  which  these  researches  have 
been  conducted,  that  we  shall  find  an  explanation  of  the  want  of 
success  that  has  attended  them.  Instead  of  proceeding  with  the 
utmost  circumspection  in  the  investigation  of  phenomena  so  com- 
plicated as  are  those  offered  by  the  animal  economy,  the  physiolo- 
gist has  neglected  the  most  simple  and  fundamental  rules  of  phi- 
losophizing, in  a science  where  these  rules  are  most  necessary  ; 
he  has  cast  aside  the  chart  which  should  guide  him  in  the  research 
of  truth,  at  a moment  when  he  is  about  to  enter  on  a course,  sur- 
rounded by  rocks  and  quicksands. 
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In  proof  of  these  assertions,  I have  but  to  refer  to  the  unphilo- 
sophical  attempts  which  were  made  towards  the  end  of  the  last 
century,  to  explain  the  action  of  poisons  on  chemical  grounds,  al- 
though physiologists  possessed  not  the  slighest  knowledge,  either  of 
the  chemical  composition  of  the  substance  they  experimented  with, 
or  of  the  fluid  they  supposed  changed  by  it.  Were  I to  select 
an  instance  from  our  own  times,  I have  but  to  mention  the  fact  of 
memoirs  having  been  written  to  prove,  that  poisons  do  not  act  by 
their  direct  contact  with  the  nervous  centres,  because  sufficient  time 
did  not  elapse  after  their  application,  to  allow  of  their  reaching 
these  centres,  before  symptoms  of  the  action  were  manifested  ; and 
yet  this  argument  was  brought  forward  with  an  utter  ignorance 
of  the  most  important  data  on  which  it  could  be  founded,  namely, 
the  time  required  for  the  blood  to  circulate  from  one  part  of  the 
system  to  another.  Another  instance  connected  with  this  subject 
of  the  un  philosophical  mode  of  advancing  hypotheses  is  furnished 
usby  Muller,  (See  Muller  s Physiology, by  Bayley,  p.  247,  Vol.  i.) 
who,  admitting  that  poisons  act  only  when  applied  to  the  ner- 
vous centres,  yet,  finding  that  effects  are  produced  more  rapidly 
than  the  erroneous  views  he  entertains  of  the  rapidity  of  the  cir- 
culation would  render  possible,  supposing  they  were  only  convey- 
ed by  the  blood,  advances  the  explanation,  that  it  is  by  permeat- 
ing the  animal  tissues  that  they  arrive  at  the  brain.  The  most 
simple  experiment,  or  the  slightest  consideration  of  the  physical 
properties  of  these  tissues,  would  have  been  sufficient  to  convince 
him  that  such  could  not  be  the  case. 

When  such  has  been  the  spirit  in  which  this  branch  of  phy- 
siology has  been  pursued,  can  we  be  astonished  that  but  little 
light  has  been  thrown  upon  it  ? It  is,  indeed,  a curious  fact,  that 
two  hundred  years  after  the  promulgation  of  the  system  of  Bacon, 
a spot  is  to  be  found  on  the  field  of  science,  from  which  the 
dark  shadows  of  the  scholastic  philosophy  have  not  yet  been  dis- 
persed. It  is  only  within  the  last  few  years,  that  physiological  in- 
vestigations have  been  undertaken  in  a truly  scientific  spirit ; or 
in  the  aim  of  becoming  acquainted  with  the  more  simple  and 
tangible  phenomena  connected  with  organized  beings,  before  at- 
tempting to  elucidate  those  of  a greater  degree  of  complexity. 
The  success  that  has  attended  the  researches  of  Magendie  on 
the  physical  properties  of  the  tissues,  of  Poiseuille  on  the  cir- 
culation, and  of  Muller  on  the  structure  of  the  glands,  is  but  a 
striking  proof  of  how  great  was  our  ignorance  on  the  simplest 
and  most  elementary  facts.  But  to  return  to  the  subject  of  this 
memoir. 

The  action  of  poisons  presents  to  us,  as  does  every  physiolo- 
gical problem,  a dynamical  and  chemical  question.  The  former 
is  evidently  the  first  to  be  solved,  as  attaching  itself  to  a branch 
of  science  more  simple,  and  of  a higher  degree  of  generality  than 
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chemistry.  In  the  question  before  us,  the  dynamical  problem  re- 
lates to  the  determination  of  the  part  of  the  animal  economy 
on  which  the  poison  produces  its  effects.  This  may  be  either 
on  the  part  to  which  it  is  directly  applied,  or  after  it  has 
entered  the  blood-vessels,  or  only  when  it  is  brought  into  contact 
with  the  brain  and  nervous  centres.  This  question,  it  will  be 
perceived,  is  quite  independent  of  the  other  or  chemical  one,  which 
involves  the  molecular  changes  produced  in  the  blood,  or  in 
the  tissue  on  which  the  poison  acts,  and  must  be  solved  before  the 
, latter  can  be  entered  on  with  any  chance  of  success.  It  is  the 
former  or  dynamical  question  which  I now  propose  to  investigate, 
having  lately  published  some  observations  relating  to  the  chemi- 
cal part  of  the  subject,  in  a memoir  readdbefore  the  Royal  Society 
in  February  last.  In  a paper  which  was.  read  before  the  Royal 
Society  in  August  1839,  (See  Edin.  Med.  and  Surg.  Journal, 
No.  142,)  I have  already  treated  this  subject  under  its  dynami- 
cal point  of  view,  and  before  proceeding,  1 shall  take  the  liberty 
of  transcribing  a short  summary  of  the  result  of  the  experiments 
contained  in  that  memoir. 

ls£,  That  the  time  required*  by  a substance  to  permeate  the 
capillary  vessels  may  be  considered  as  inappreciable. 

“ 2c?,  That  the  interval  elapsing  between  the  absorption  of  a sub- 
stance by  the  capillaries,  and  its  general  diffusion  through  the 
body,  may  not  exceed  nine  seconds. 

“ 3 d9  That  an  interval  always  more  than  nine  seconds,  elapses 
between  the  introduction  of  a poison  into  the  capillaries  or  veins, 
and  the  appearance  of  its  first  effects. 

“ 4 th.  That  if  a poison  be  introduced  into  a part  of  the  vascular 
system  nearer  the  brain,  its  effects  are  produced  more  rapidly. 

“ 5th , That  the  contact  of  a poison  with  a large  surface  of  the 
body,  is  not  sufficient  to  give  rise  to  general  symptoms,  as  long 
as  its  general  diffusion  through  the  body  is  prevented.” 

Notwithstanding  the  proofs  I then  brought  forward,  to  show 
that  the  application  of  a poison  to  the  nervous  centres  was  neces- 
sary before  it  produced  any  general  symptoms,  still  there  was  one 
class  of  experiments  which  I had  not  then  tried,  but  which  were 
calculated  to  furnish  the  strongest  evidence,  for  or  against  the  po- 
sition I had  supported.  It  is  evident,  that,  if  a poison  acts  only 
when  applied  to  the  nervous  centres,  in  different  sorts  of  ani- 

* In  regard  to  the  statement  as  to  the  time  required  for  substances  to  be  diffused 
through  the  body,  I would  observe  that  all  my  experiments  have  been  performed  on 
full  grown  dogs.  It  is  probable  that  these  observations  might  require  to  be  slightly 
modified  in  applying  them  to  other  animals.  It  is  also  evident  that  a difference  must 
exist  in  the  time  occupied  by  a substance  in  reaching  the  capillaries  in  different  parts 
of  the  body.  The  time  here  given,  or  nine  seconds,  is  that  in  which  I conclude  a 
substance  may  be  applied  over  the  greater  part  of  the  body,  more  particularly  to  the 
central  parts  of  the  nervous  system.  It  would  appear  that  seven  seconds  may  suffice 
for  its  being  conveyed  to  the  capillary  terminations  of  the  coronary  arteries. 
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mals,  it  must  require  a longer  or  shorter  time  before  it  shows  any 
symptoms  of  its  action,  according  as  the  circulation  is  more  or 
less  rapid,  or  as  the  course  it  has  to  run  before  arriving  at  these 
centres,  is  longer  or  shorter.  As  my  former  experiments  had  been 
performed  only  on  dogs,  I was,  at  the  time  of  the  publication  of 
the  memoir  above  alluded  to,  unable  to  furnish  any  data  on  this 
point.  In  the  present  communication,  however,  1 hope  to  add  this 
important  link  which  was  wanting  in  the  chain  of  evidence  on 
which  my  position  was  founded.  The  experiments  I have  now 
the  honour  to  lay  before  the  Society,  have  been  performed  on 
horses,  rabbits,  and  fowls, — animals  offering  us  the  extremes  as 
to  rapidity  of  circulation,  at  least  of  those  animals  which  are  readily 
available  for  these  researches.  As  the  time  required  for  the  blood  to 
circulate  from  one  part  of  the  body  to  another,  had  not  been  de- 
termined for  any  of  these  animals,  with  the  exception  of  the  horse, 
(on  the  circulation  of  which,  however,  the  experiments  of  Hering 
are  not  of  the  most  conclusive  nature),  I have,  in  every  instance, 
endeavoured  to  ascertain  this  important  element  in  the  investiga- 
tion. My  experiments  on  horses  have  not  been  numerous,  but 
they  were  such  as  I could  place  full  confidence  in,  and  supported, 
as  they  are  by  the  previous  researches  of  Hering,  I can,  without 
hesitation,  lay  them  before  the  public. 

Evpt.  1.  A tube  was  inserted  into  the  jugular  vein  of  a horse, 
and  another  into  the  carotid  artery  ; with  the  latter,  the  hsemady- 
namometer  was  connected,  in  order  to  ascertain  the  pressure  in 
the  arterial  system,  and  thus  to  have  a direct  indication  of  any 
change  that  might  take  place  in  the  action  of  the  heart.* 

A solution,  containing  half  an  ounce  of  nitrate  of  potass,  a salt 
which  possesses  the  property  of  arresting  the  action  of  the  heart,  f 
dissolved  in  five  ounces  of  warm  water,  was  injected  into  the  ju- 
gular vein.  In  sixteen  seconds  after  the  introduction  of  the  salt 
into  the  vein,  the  action  of  the  heart  was  arrested,  as  was  shown 
by  the  rapid  descent  of  the  mercury  in  the  hsemadynamometer  ; 
no  pulsation  took  place  after  this.  The  animal  struggled  violently 
some  time  after  the  action  of  the  heart  had  been  arrested,  and  res- 
piratory movements  continued  three  minutes  and  a half  after  the 
injection  of  the  poison.  The  interval  that  elapsed  between  the 
introduction  of  the  poison  into  the  vein,  and  the  arrest  of  tlie  ac- 
tion of  the  heart,  furnishes  the  time  required  for  the  blood  to  pass 
from  the  jugular  vein  to  the  capillary  terminations  of  the  coronary 
arteries  ; or,  at  least,  fora  solution  mixed  with  the  blood,  to  pass 
over  this  space,  it  being  necessary  probably  to  make  a slight  al- 

* Immediately  before  the  injection,  the  pressure  in  the  arterial  system  was  equal 
to  a column  of  mercury  of  from  G.5  to  7*5  inches  ; a pressure  which  Poiseuille  gene- 
rally found  to  exist  in  the  animal. 

•j*  See  Archives  Generates  de  Medecine,  Nov.  1G39. 
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Iowan ce  for  the  diffusion  of  the  fluid,  independently  of  the  omvard 
motion  of  the  blood. 

Analogous  experiments  have  been  performed  three  times.  In 
one  instance  in  which  the  animal  had  lost  a great  deal  of  blood, 
the  action  of  the  heart  was  not  arrested  until  twenty  seconds  after 
the  injection  of  the  poison.  In  another  instance  it  was  again  six- 
teen seconds. 

Eocpt.  2.  The  following  experiments  strikingly  confirm  the 
above  result*.  The  object  of  it  is,  to  ascertain  the  time  in  which  a 
substance  injected  into  the  jugular  vein,  will  make  its  appearance 
in  the  blood  from  the  carotid  artery.*  A tube  was  inserted  into 
the  jugular  vein  of  a horse,  another  into  the  carotid  artery  of  the 
opposite  side.  In  order  to  avoid  any  of  the  injections  becoming 
directly  mixed  with  the  blood,  the  animal  was  thrown  on  the  side 
on  which  the  tube  was  introduced  into  the  jugular,  so  that  the  side 
from  which  the  blood  escaped  was  the  highest,  the  poison  being 
injected  into  the  vein.  A solution,  containing  one  ounce  of  nitrate 
of  baryta,  dissolved  in  five  ounces  of  warm  water,  was  injected  into 
the  jugular  vein.  Ten  seconds  after  the  commencement  of  the  in- 
jection, blood  was  allowed  to  escape  from  the  carotid,  and  received 
into  a vessel,  No.  1.  during  five  seconds  ; another  vessel  was 
then  substituted,  No.  & and  received  the  blood  escaping  from 
the  carotid,  from  fifteen  to  twenty  seconds  after  the  introduction 
of  the  substance  into  the  jugular  vein.  What  escaped  from  the 
artery  after  this,  was  received  in  a third  vessel,  No.  3.  The  heart, 
however,  had  already  stopped  when  the  last  vessel  was  applied. 
These  different  specimens  were  carefully  analysed  ; no  trace  of 
baryta  could  be  obtained  from  the  blood  in  No.  1.  or  tha-t  which 
escaped  from  the  artery,  between  ten  and  fifteen  seconds  after  the 
injection  of  the  poison.  In  the  blood  from  No  2,  baryta  was 
readily  detected  ; and  although  an  accident  during  the  analysis  led 
to  the  loss  of  a portion  of  it,  it  still  yielded  a much  greater  quantity 
in  proportion  to  the  quantity  of  blood,  than  did  the  contents  of 
No.  3,  or  the  blood  obtained  from  the  carotid  subsequent  to 
twenty  seconds  after  the  injection  of  the  salt  into  the  veins,  thus 
proving  that  the  blood  which  was  most  strongly  impregnated  with 
the  poison,  escaped  from  the  carotid  between  fifteen  and  twenty 
seconds  after  the  introduction  of  the  salt  into  the  vein.  From 
the  large  proportion  of  the  salt  in  the  blood  that  escaped  during 
this  interval,  we  must  conclude,  that  the  moment  at  which  blood 
containing  the  salt,  first  began  to  escape  from  the  artery,  must 
have  been  about  sixteen  seconds  after  its  introduction  into  the 

* The  same  thing  has  been  already  done  by  Hering  as  regards  the  time  for  blood 
to  pass  from  the  jugular  vein  of  one  side  to  that  of  the  other,  after  having  gone  the 
round  of  circulation.  The  modifications  which  i have  introduced  into  his  experiment 
renders  it,  I think,  more  accurate. 
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veins.  On  account  of  the  tube  in  the  carotid  being  rather  small, 
I think  it  probable  that  a second  or  two  might  have  been  lost, 
from  this  cause,  the  blood  not  being  able  to  escape  with  sufficient 
freedom. 

It  will  be  seen  that  these  experiments  agree  very  closely  with 
those  performed  by  Hering,  who  found,  that  in  the  horse,  the 
round  of  the  circulation  was  completed  in  twenty-five  seconds. 
Having  thus  clearly  determined  the  velocity  of  the  circulation,  it 
remained  to  ascertain  the  time  required  for  a poison  which  acts  on 
the  nervous  system,  to  produce  its  effects.  It  is  evident,  that, 
should  its  action  be  due  to  an  impression  produced  on  the  nerves 
of  the  part  to  which  it  is  directly  applied,  ho  appreciable  in- 
terval should  elapse  between  its  application,  and  the  appearance  of 
symptoms  of  its  action.  If,  on  the  contrary,  a poison  affecting 
the  nervous  system,  only  acts  when  applied  directly  to  the  nervous 
centres,  it  is  equally  evident,  that  no  symptoms  of  its  action  should 
manifest  themselves  until,  at  least,  sixteen  seconds  after  its  appli- 
cation, this  being  the  shortest  period  in  which  blood  with  which 
it  has  been  mixed,  (supposing  the  poison  injected  into  the  jugu- 
lar vein,)  can  be  brought  into  contact  with  any  part  of  the  ner- 
vous centres.  The  substance  I made  use  of  was  strychnia,  as  I 
have  found  it  to  act  more  rapidly  than  any  other  poison,  not  ex- 
cepting woorara  and  conia. 

Eocpt . 3.  A tube  was  inserted  into  the  jugular  vein  of  a healthy 
horse,  the  animal  being  ordered  to  be  killed  on  account  of  some 
disease  of  the  foot,  which  had  not  at  all  affected  its  general  health. 
Immediately  before  the  injection,  the  pulse  was  about  50.  The 
animal  .was  not  confined,  so  that  the  slightest  symptoms  of  the  ac- 
tion of  the  poison  might  be  immediately  recognized.  A solution 
containing  six  grains  of  crystallized  strychnia,  dissolved  in  three 
ounces  of  warm  water  acidulated  with  nitric  acid,  was  injected  in- 
to the  jugular  vein  ; sixteen  seconds  after  the  injection  of  the  poi- 
son, the  first  symptoms  of  its  action  showed  themselves  by  a slight 
convulsive  movement  of  the  superficial  muscles  of  the  thorax ; 
seventeen  seconds  after  the  injection,  the  animal  fell  as  if  it  had 
been  a dead  mass  ; every  muscle  in  the  body  was  in  a violent  state 
of  spasm ; the  animal  lay  in  this  state  for  about  a minute  and  a- 
half ; convulsive  movements  then  came  on,  and  lasted  until  death, 
which  took  place  about  four  minutes  after  the  injection  of  the  poi- 
son.* 

In  this  experiment,  the  poison,  although  administered  in  a very 
large  dose,  did  not  produce  the  slightest  effect  on  the  animal,  un- 

* I with  pleasure  avail  myself  of  this  opportunity  of  publicly  thanking  M. 
Roulay  fils,  of  the  Royal  Veterinary  College  of  Alfort,  for  the  kindness  with  which 
he  afforded  me  opportunities  of  conducting  some  experiments  on  horses,  at  that  es- 
tablishment. I have  also  to  express  my  sincere  thanks  to  Drs  Kemp  and  Gilbert 
for  their  valuable  assistance  whilst  conducting  many  of  these  experiments. 
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til  sixteen  seconds  had  elapsed  after  its  introduction  into  the  vein, 
and  it  required  seventeen  seconds  before  any  marked  symptoms 
of  its  action  manifested  themselves.  It  will  be  seen  that  this  is 
the  time  required  for  the  blood  to  pass  from  the  jugular  vein  to 
the  termination  of  the  coronary  arteries  ; and  may  also  suffice  for  it 
to  reach  the  arteries  distributed  to  those  parts  of  the  spinal  chord, 
nearest  the  heart.  I know  not  if  the  earlier  occurrence  of  convul- 
sive movements  in  the  muscles  of  the  thorax,  can  be  connected 
with  the  poison  having  first  reached  that  part  of  the  chord  from 
which  these  muscles  receive  their  nerves. 

I shall  now  notice  experiments  that  have  been  performed  upon 
dogs  in  connection  with  this  subject.  As  a full  account  of  these 
experiments  will  be  found  in  the  142d  No.  of  the  Edinburgh  Me- 
dical and  Surgical  Journal,  I shall  merely  allude  to  the  more  im- 
portant results  they  furnish,  referringto  my  former  paperfor  details. 
It  appears  that  in  dogs,  the  time  required  for  the  blood  to  pass 
from  the  jugular  vein  to  the  termination  of  the  coronary  arteries, 
varies  from  seven  to  fourteen  seconds  ; in  full-grown,  middle- 
sized  animals,  the  shortest  time  in  which  a poison,  acting  on  the 
nervous  system,  has  shown  symptoms  of  its  action,  after  it  had  been 
introduced  in  the  jugular  vein,  is  twelve  seconds. 

The  following  experiments,  which  have  been  performed  on  birds, 
furnish  us  with  interesting  data,  on  the  connection  which  exists  be- 
tween the  rapidity  of  the  circulation,  and  the  time  required  for  a 
poison  to  act. 

Eocpt.  4.  As  the  velocity  of  the  circulation  in  this  class  of  ani- 
mals is  a point  which  has  not  yet  been  determined,  I shall  relate  an 
experiment  undertaken  with  the  view  of  ascertaining  this  fact. 
The  means  I employed  were  the  same  as  those  I generally  use, 
viz.,  the  injection  of  a substance  into  the  jugular  vein,  which  pos- 
sesses the  property  of  arresting  the  action  of  the  heart  when  cir- 
culated over  its  parietes,  the  hsemadynamometer  being  connected 
with  the  arterial  system.  On  injecting  a drachm  and  a-halfi  of  a 
solution  of  nitrate  of  baryta,  into  the  jugular  vein  of  a fowl,  the 
action  of  the  heart  became  arrested  in  six  seconds,  as  was  proved 
by  the  rapid  descent  of  the  mercury  in  the  hsemadynamometer.* 

Having  thus  ascertained  the  time  required  for  the  blood  to  pass 

* On  opening  the  thorax  immediately  after  death,  the  heart  was  found  motionless 
with  scarlet  blood  in  the  left  cavities,  showing  that  in  this  class  of  animals  the  salts 
of  baryta  exert  the  same  effect  on  the  heart  as  in  quadrupeds.  Another  interesting 
phenomenon  noticed  in  this  experiment,  was  the  continuation  of  muscular  move- 
ments for  some  minutes  after  death  ; a phenomenon  which  is  characteristic  of  the 
salts  of  baryta  and  those  substances  which  are  isomorphous  with  it  in  their  action  on 
quadrupeds.  In  performing  this  experiment,  I had  also  an  opportunity  of  observ- 
ing the  pressure  of  the  blood  in  the  arterial  system  of  the  bird  ; a fact  which  has  not, 
as  I am  aware  of,  been  previously  ascertained.  It  was  found  equal  to  a column  of  mer- 
cury of  from  four  to  five  inches.  In  the  goose  the  pressure  was  equal  to  a column  of 
mercury  of  six  inches,  the  circulation  being  rather  slower,  as  ten  seconds  were  re- 
quired for  a substance  to  pass  from  the  jugular  vein  to  the  heart. 
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from  the  jugular  vein,  to  the  capillary  terminations  of  the  coronary 
arteries,  the  following  experiment  was  performed,  to  show  the 
time  in  which  a poison  when  introduced  into  the  vein,  gives  rise 
to  any  symptoms  of  its  action. 

Eoopt.  5.  A solution  containing  one  grain  and  a-half  of  nitrate  of 
strychnia,  dissolved  in  a drachm  and  a-half  of  warm  water,  was 
injected  into  the  jugular  vein  of  a fowl.  In  six  seconds  and  a- 
half  after  the  introduction  of  the  poison  into  the  vein,  the  animal 
became  convulsed,  and  so  rapid  was  the  action  of  the  poison,  that 
in  eight  seconds  after  its  introduction,  the  animal  lay  apparently 
dead,  the  only  sign  of  life  being  a movement  of  the  tail,  which 
continued  for  some  seconds  after  every  other  motion  had  ceased. 

The  next  experiment  I have  to  relate  had  been  performed  on  a 
quadruped  (the  rabbit),  in  which  animal  I find  the  circulation 
much  quicker  than  in  the  fowl. 

Eoopt.  6.  A tube  was  inserted  into  the  jugular  vein  of  a full- 
grown  rabbit;  by  which  to  inject  the  poison,  the  hsemadynamometer 
was  connected  with  the  femoral  artery.  A solution  containing 
three  grains  of  chloride  of  barium,  in  a drachm  and  a-half  of  warm 
water,  was  introduced  into  the  vein ; in  four  seconds,  the  action 
of  the  heart  was  arrested  ; violent  spasm  came  on,  and  the  animal 
died  about  a minute  and  a-half  after  the  arresting  of  the  heart’s 
action.* 

Eoopt.  7.  In  another  full-grown  rabbit,  a solution  containing 
half  a grain  of  nitrate  of  strychnia  was  injected  into  the  jugular 
vein  ; in  four  seconds  and  a-half,  the  first  symptoms  of  the  action 
of  the  poison  showed  themselves  ; the  animal  fell  on  its  side,  and 
respiration  was  immediately  arrested  ; in  seven  seconds  after  the 
introduction  of  the  poison  into  the  vein,  the  animal  lay  apparently 
dead.  Before  proceeding  to  offer  any  remarks  on  the  above  ex- 
periments, I shall  endeavour  to  present  the  data  they  furnish  us 
in  a tabular  form. 

Time  required  for  the  blood  to  Time  that  elapses  between  the  in- 
pass from  the  jugular  vein  to  the  troduction  of  a poison  into  the 

capillary  terminations  of  the  co-  jugular  vein,  and  the  first  symp- 


ronary  arteries. 

toms  of  its  action. 

In  the  horse, 

. 16  seconds. 

10  seconds. 

„ dog. 

11  to  12 

12 

„ fowl, 

o 

64 

,,  rabbit, 

4 

Tliese  are  the  facts  which  I have  now  the  honour  to  lay  before 


* The  pressure  in  the  arterial  system  immediately  before  the  injection  of  the  poi- 
son was  equal  to  a column  of  mercury  of  from  four  to  4.4  inches,  the  oscillations 
not  exceeding  a tenth  of  an  inch  at  each  pulsation  of  the  heart.  When  the  thorax  was 
opened  immediately  after  death,  the  heart  was  found  motionless,  with  the  exception  of 
slight  contraction  of  the  right  auricle.  The  descending  cava  was  contracting  vigo- 
rously, and  continued  to  do  so  when  all  communication  between  it  and  the  heart  was 
cut  off.  Muscular  movements  were  observed  to  continue  ten  minutes  after  death. 
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the  society.  Derived  as  they  are  from  direct  experiments  which  have 
been  performed  with  the  utmost  care,  and  solely  in  the  desire  of 
throwing  some  light  on  the  much  disputed  question  as  to  the  ac- 
tion of  poisons,  I trust  they  will  be  considered  as  accomplishing 
the  end  for  which  they  were  undertaken. 

Before  offering  any  remarks  on  them,  I shall  draw  up  a short 
summary  of  the  facts  contained  in  this  memoir,  the  interest  of  which, 
I think,  will  be  increased,  when  viewed  in  connection  with  the  re- 
sult to  which  former  experiments  had  led  me. 

It  would  appear  from  the  facts  above  stated,  lsf,  That  a con- 
stant ratio  exists  between  the  time  required  for  a poison  to  act, 
and  the  rapidity  of  the  circulation. 

%d.  That  in  those  animals  on  which  experiments  have  been 
made,  a sufficient  interval  always  elapses  between  the  introduction 
of  a poison  into  the  vascular  system,  and  the  symptoms  of  its 
action,  to  allow  of  the  blood  with  which  the  poison  has  been  mix- 
ed, reaching  the  capillaries  of  the  tissue  on  which  the  poison  exerts 
its  deleterious  effects. 

To  these  conclusions!  would  add,  as  proved  by  my  former  me- 
moirs, that  with  those  poisons  which  act  on  the  nervous  system, 
the  closer  the  part  of  the  vascular  system  at  which  a poison  is  in- 
troduced, is  to  the  nervous  centres,  the  more  rapid  is  its  action  ; 
and  also,  u that  the  contact  of  a poison  with  a large  surface  of  the 
body  does  not  give  rise  to  general  symptoms,  as  long  as  its  diffu- 
sion through  the  body  is  prevented.1’ 

On  these  facts  I now  offer  a few  remarks,  although  it  is  far 
from  my  intention  to  intrude  on  the  science  any  new  theories  or 
hypotheses,  which,  unfortunately  for  the  progress  of  physiology, 
are  but  too  easily  manufactured  ; and  which,  when  once  formed, 
are  far  too  dear  to  their  fabricators  to  be  submitted  to  the  rude 
test  of  experiment.  Had  not  such  been  the  case,  we  should  not 
at  the  present  day,  200  years  after  the  immortal  discovery  of 
Harvey,  be  seeking  for  data  on  the  simplest  and  most  readily 
ascertained  phenomenon  connected  with  the  circulation.  But  to 
return  from  this  digression. 

The  first,  and  perhaps  the  most  interesting  inference  that  results 
from  these  experiments,  is,  that  poisons  only  act  when  applied  di- 
rectly to  the  tissues  they  affect.  I am  aware  that,  in  making  these 
assertions,  I am  stamping  as  erroneous,  views  which  have  received 
the  sanction  of  physiologists  of  the  highest  eminence,  and  which 
are  supported  by  experiments  apparently  of  indubitable  character. 
In  opposition  to  these  experiments,  I should  be  sorry  to  place  my 
own  researches,  were  not  my  confidence  shaken  in  observations, 
which,  connected  as  they  intimately  are  with  the  circulation,  have 
yet  been  undertaken  without  a preliminary  knowledge  of  some  of 
the  most  important  points  connected  with  that  function.  Had 
my  experiments  even  been  of  a nature  to  call  for  the  assistance  of 
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any  nervous  fluid,  or  vital  force  for  their  explanation,  I should 
have  looked  with  much  suspicion  on  the  results  they  furnished  me. 
But  when  I find  that  a careful  investigation  of  facts  leads  to  the 
rejection  of  these  unphilosophical  hypotheses, — when  I see  a sub- 
stance producing  its  effects  only  where  it  is  present,  affecting  the 
heart,  only  when  brought  into  contact  with  its  parietes,  deranging 
or  destroying  the  functions  of  the  nervous  tissue,  only  when  it  im- 
pregnates it;  when,  in  fact,  my  experiments  tend  to  cast  down 
some  of  those  barriers  which  would  separate  physiological  pheno- 
mena, from  the  dominion  of  laws  which  govern  inorganic  bodies,  I 
cannot  but  hope,  that  the  facts  which  lead  to  these  views,  are  simply 
the  expression  of  truths,  destined  to  receive  a further  confirmation 
by  the  progress  of  science.  That  our  being  able  thus  to  localize 
the  action  of  a poison  is  a step  made  towards  the  explanation  of  phy- 
siological phenomena,  is  evident ; for  when  we  see  that  a substance 
introduced  into  the  blood,  primarily  affects  the  functions  of  an  or- 
gan by  its  direct  contact  with  that  organ,  we  naturally  conclude 
that  these  effects  are  the  result  of  changes  produced  in  the  organ 
in  question,  from  causes  more  or  less  analogous  to  those  which  wc 
are  accustomed  to  see  acting  on  other  matter  ; and  we  are  immedi- 
ately led  to  seek  out  what  these  changes  are,  as  a farther  step  to- 
wards the  solution  of  this  important  problem.  If,  on  the  contrary, 
we  suppose  the  nervous  system  primarily  affected  by  an  impression 
made  on  the  nerves  of  the  part  to  which  the  poison  is  directly  ap- 
plied, the  solution  of  the  problem  becomes  removed  to  a much 
greater  distance,  and  it  even  presents  itself  under  a form,  which, 
in  the  present  state  of  physiology,  it  would  be  useless  to  attempt. 

Having  thus  localized  the  action  of  a poison,  I shall  take 
a short  review  of  some  facts  which  would  tend  to  throw  a 
still  farther  light  on  this  important  subject,  by  offering  a few 
observations  on  the  connection  which  exists  between  the  che- 
mical composition  of  a poison,  and  its  physiological  action.  On 
this  subject  I can  scarcely  enter,  without  incurring  the  charge  of 
egotism  ; for  I am  not  aware  that  any  experiments  bearing  directly 
on  this  point  have  been  published  by  other  observers.  At  the  same 
time  it  is  evident,  that,  on  a field  so  vast,  the  labours  of  a single 
individual,  who  is  but  just  entering  on  the  path  of  physiological 
inquiry,  can  have  thrown  but  little  light;  such,  in  fact,  is  the  case. 
The  connection  above  alluded  to  between  the  chemical  composi- 
tion of  a poison  and  its  physiological  action,  is  but  as  yet  dimly 
shadowed  forth,  rather  than  demonstrated,  by  the  experiments  I 
have  undertaken.  At  the  same  time,  I hope  to  bring  forward  suffi- 
cient evidence,  to  prove  that  in  many  cases  this  connection  really 
exists. 

In  a paper  read  at  the  meeting  of  the  British  Association  at 
Newcastle,  in  1838,  I arrived  at  the  conclusion,  from  some  expe- 
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riments  T had  performed  on  the  injection  of  substances  into  the 
veins,  that  those  substances  which  arrested  the  action  of  the  heart, 
appeared  to  agree  in  one  respect,  viz.  that  they  all  modified  con- 
siderably the  chemical  composition  of  the  blood.  In  a memoir, 
u Sur  Taction  de  substances  salines  introduites  dans  le  systeme  cir- 
culatoire,”  read  at  the  Academie  des  Sciences  at  Paris,  in  June 
1839,  (see  Archives  Generates  de  Medecine,  November  1839,)  I 
stated  another  interesting  fact,  tending  to  connect  the  physiolo- 
gical action  of  substances,  with  their  chemical  composition,  viz. 
“ that,  when  introduced  into  the  veins,  all  the  salts  of  the  same 
base  exert  an  analogous  effect  on  the  animal  tissues,  this  effect  be- 
ing but  slightly  modified  by  the  combination  of  the  base,  even 
with  the  most  powerful  acids.”  This  fact,  however  curious  in  it- 
self, is  rendered  much  more  interesting  by  its  forming  a corollary 
to  an  important  law,  which  subsequent  experiments  have  led  me 
to  discover,  viz.  that,  when  introduced  into  the  blood,  isomorphous 
substances  appear  to  exert  an  analogous  action  on  the  animal  tis- 
sues. * Connected  as  isomorphism  is  already  known  to  be,  with 
many  common  chemical  properties,  and  probably  with  others  which 
yet  remain  to  be  discovered,  it  is  interesting  to  find,  that  the  phy- 
siological action  of  every  inorganic  compound,  is  so  closely  related 
to  certain  chemical  properties  it  possesses.  There  is  still  another 
fact  to  which  I would  call  attention,  which  is  the  difference  in 
the  general  effects  produced  by  poisons  on  the  animal  economy, 
according  as  they  are  derived  from  organic  or  inorganic  compounds. 
In  the  numerous  experiments  I have  performed  on  poisons,  de- 
rived both  from  the  vegetable  and  mineral  kingdom,  I have  con- 
stantly seen  this  difference  strikingly  marked  ; and  it  is  an  interest- 
ing fact,  that  ammonia,  which,  by  its  chemical  composition,  stands, 
as  it  were,  between  the  organic  and  inorganic  compounds,  should 
agree  with  some  of  the  former  in  its  action  on  the  nervous  system, 
whilst  its  action  on  the  heart  and  general  capillaries,  approaches 
it  to  potash,  with  which  it  is  isomorphous. 

Such  are  the  facts  that  would  tend  to  point  out  a connection 
between  the  chemical  composition  of  a substance  and  its  physio- 
logical action.  I am  fully  aware  that  they  are  at  present  but  few, 
and  form  a very  imperfect  body  of  evidence  on  which  to  establish 
so  important  a point ; and  it  is  only  with  the  view  of  directing  the 
attention  of  physiologists  to  so  interesting  a subject,  that  I have 
been  induced  thus  to  bring  them  forward.  As  a physiologist,  it 
has  been  only  under  a physiological  point  of  view  that  I have  in- 
vestigated these  phenomena ; but  1 am  convinced  that  they  are  not 
destined  to  receive  their  full  application,  until  chemistry  shall  be 

* The  evidence  on  which  this  law  is  founded  has  been  lately  laid  before  the  pub- 
lic in  a memoir  read  before  the  Royal  Society  in  January  last,  and  published  in  the 
last  number  of  this  Journal. 
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sufficiently  advanced,  to  throw  a light  over  those  complicated  re- 
actions which  result  from  the  contact  of  the  blood  and  the  tissues, 
with  the  various  organic  and  inorganic  compounds.  I am  afraid 
that  this  would  be  a consummation  of  our  hopes,  which,  in  the  pre- 
sent age,  we  are  not  destined  to  arrive  at ; for,  however  rapid  the 
progress  of  chemistry  has  been  during  the  last  few  years,  it  is  still 
very  far  from  being  able  to  grapple  with  those  questions,  the  eluci- 
dation of  which  so  much  interests  the  physiologist.  F or  the  present, 
therefore,  we  must  content  ourselves  with  collecting  facts  on  this 
important  subject,  confident  that  we  are  thus  laying  the  foundation 
for  generalizations,  which  shall  sooner  or  later  place  physiology  far 
above  the  position  which  it  now  occupies. 
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The  subject  which  has  given  rise  to  these  researches  is,  “ The 
action  of  various  substances  on  the  animal  economy  when  intro- 
duced into  the  veins,  more  particularly  as  regards  the  influence 
they  exert  in  modifying  the  circulation.1” 

My  attention  was  first  directed  to  this  subject  by  a remark  of 
Professor  Sharpey,  in  his  Physiological  Lectures,  on  the  extensive 
field  of  inquiry  which  was  opened  to  us  in  this  branch  of  physio- 
logy, by  the  invention  of  the  haemadynamometer.  As  it  is  by  the 
aid  of  this  instrument  that  the  results  at  which  I have  arrived  have 
been  obtained,  it  will  perhaps  render  the  description  of  the  expe- 
riments more  intelligible,  if,  before  proceeding,  I give  a short  ex- 
planation of  it. 

I.  Description  of  the  Haemadynamometer.— -It  consists  of 
a glass  tube,  so  bent  as  to  form  two  vertical  branches  and  a hori- 
zontal one.  To  the  horizontal  branch  is  adapted  a brass  cap,  which 
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serves  to  connect  it  with  a tube,  which  is  inserted  into  the  artery. 
The  glass  tube  is  fixed  to  a graduated  scale.  When  used  mercury 
is  poured  into  it,  until  it  attains  in  the  vertical  arms,  a height 
corresponding  to  the  zero  of  the  scale.  It  is  then  connected  with 
the  tube  inserted  into  the  artery,  and  on  turning  a stop-cock,  with 
which  the  tube  is  provided,  the  blood  enters  the  instrument,  and 
the  pressure  in  the  arteries  is  instantly  indicated,  by  the  differ- 
ence in  the  height  of  the  surface  of  the  mercury  in  the  vertical 
branches.  The  great  advantages  offered  by  this  instrument  are  ; 
that  it  enables  us  to  detect  any  change  in  the  action  of  the  heart 
the  instant  it  takes  place,  and  also  affords  us  a means  of  substitut- 
ing the  accurate  expression  of  so  many  inches  of  mercury  for  the 
undefined  terms,  more  or  less  strong. 

Cause  of  Pressure  in  the  Arteries . — Before  entering  into  a 
detail  of  the  experiments  I have  to  bring  forward,  I shall  offer  a 
few  remarks  on  the  cause  of  the  pressure  in  the  arterial  system, 
and  how  this  pressure  can  be  modified.  As  we  are  now  treating 
a subject  which  is  entirely  under  the  dominion  of  physical  laws, 
I shall  consider  the  arterial  system  as  composed  of  a set  of 
elastic  tubes,  into  which  a constant  supply  of  fluid  is  sent  by 
the  action  of  the  heart,  and  from  which  a corresponding  quantity 
is  discharged  by  a number  of  small  orifices,  the  capillaries.  It 
is  evident,  that,  in  order  that  there  should  be  any  amount  of 
pressure  sustained  by  the  parietes  of  these  tubes,  the  quantity 
of  fluid  sent  into  them  must  be  more  than  can  be  freely  dis- 
charged by  the  discharging  orifices,  and  that,  in  fact,  the  amount 
of  pressure  which  they  sustain  will  be  in  proportion  to  the  quan- 
tity sent  in,  above  that  which  can  be  freely  discharged.  It  also 
follows,  that  any  variation  in  the  pressure  which  may  be  supported 
by  the  parietes  of  these  tubes,  may  depend  either  on  the  quan- 
tity of  fluid  sent  into  them  in  a given  time  being  increased  or  di- 
minished, or  an  alteration  in  the  discharging  orifices.  From  these 
remarks,  it  is  evident  that  the  pressure  in  the  arterial  system,  as 
shown  by  the  haemadynamometer,  is  nothing  but  an  expression  of 
the  force  required  to  cause  a certain  quantity  of  blood  to  pass 
through  the  capillaries  in  a given  time. 

I have  been  thus  particular  in  describing  the  manner  in  which 
the  pressure  in  the  arteries  may  be  modified,  as  our  inquiries  as  to 
the  manner  in  which  certain  substances  act  will  be  much  facilitat- 
ed by  keeping  these  simple  hydraulical  laws  in  view. 

The  changes  in  the  physical  properties  of  the  blood  must  also 
be  an  important  element  in  modifying  its  passage  through  the  ca- 
pillaries, but  it  is  one  which  the  present  limited  state  of  our 
knowledge,  as  regards  these  changes,  does  not  enable  us  fully  to 
estimate. 

Effect  of  Respiration  on  the  Heart, — With  these  remarks  I 
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shall  close  the  preliminary  observations  which  I have  to  offer,  and 
shall  now  proceed  to  a detail  of  the  experiments  which  I have  per- 
formed, in  order  to  elucidate  the  manner  in  which  various  sub- 
stances act,  when  taken  into  the  circulation.  Many  of  these,  al- 
though speedily  causing  death,  seem  to  exert  no  immediate  effect 
on  the  heart, — this  organ  remaining  apparently  unaffected,  until  its 
supply  of  arterial  blood  is  cut  off,  owing  to  the  respiratory  move- 
ments being  stopped.  I shall,  therefore,  commence  by  relating  an 
experiment  which  was  performed  to  ascertain  the  effects  of  respi- 
ration on  the  action  of  the  heart* 

The  animal  on  which  the  experiment  was  performed  was  a dog. 
A tube  was  introduced  into  the  trachea,  and  an  opening  made  in 
the  parietes  of  the  thorax,  so  as  to  prevent  air  from  entering  the 
lungs  by  the  action  of  the  respiratory  muscles.  Artificial  respiration 
was  had  recourse  to.  The  pressure  in  the  arterial  system  was 
taken  by  the  haemadynamometer,  (which,  for  the  sake  of  brevity,  I 
shall  in  future  designate  as  the  instrument,)  being  connected  with 
a tube,  which  was  inserted  into  the  femoral  artery.  It  was  found 
to  be  equal  to  a column  of  mercury  of  six  inches  and  a-half.  All 
access  of  air  to  the  lungs  was  now  cut  off ; the  pressure  in  the  ar- 
terial system  gradually  diminished.  In  two  minutes,  the  column 
of  mercury  supported  was  only  three  inches  and  a-half,  the  pul- 
sations of  the  heart  having  become  much  slower.  The  lungs  were 
now  inflated  with  air  ; this  was  instantly  followed  by  a quickened 
action  of  the  heart,  and  an  increase  of  the  pressure  in  the  arteries, 
which  was  indicated  by  the  mercury  in  the  instrument  rising  about 
25  seconds  after  the  injection  of  the  air.  Air  was  again  prevented 
from  entering  the  lungs  during  a space  of  three  minutes  and  a-half. 
The  column  of  mercury  had  now  diminished  to  two  and  a-half 
inches,  the  heart  pulsating  very  slowly.  Air  was  now  injected  into 
the  lungs  with  exactly  the  same  effect  as  before.  After  three  res- 
pirations had  been  performed,  the  column  of  mercury  had  again 
attained  its  former  level  of  six  inches  and  a-half.  After  the  sup- 
ply of  air  had  been  cut  off  for  eight  minutes  and  a half,  the  column 
of  mercury  had  diminished  to  one  inch;  the  heart  was  still  observ- 
ed pulsating.  Air  was  again  injected  into  the  lungs,  but  this  was 
not  followed  by  any  action  on  the  heart,  although  it  was  observed 
pulsating  for  three  and  a-half  minutes  after  this  time. 

Effects  of  Transfusion  of  Blood. — The  effect  of  the  transfusion 
of  blood  on  the  pressure  in  the  arteries  is  a subject  which  has  al- 
ready been  fully  investigated  by  Magendie.  He  found  that  the 
injection  of  eighteen  ounces  of  blood  in  the  veins  of  a dog  pro- 
duced no  increase  of  the  pressure  in  the  arterial  system.  But  it 
appears,  that  the  pressure  in  the  arteries  of  the  animal  from  which 
it  had  been  abstracted,  had  become  diminished  ; and  I think  it 
highly  probable  that  its  reinjection  into  the  veins  of  this  animal 
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would  have  caused  the  pressure  in  the  arteries  to  have  been  again 
increased.  The  detail  of  these  experiments  will  be  found  in  the 
third  volume  of  his  “ Legons  sur  les  Phenomenes  Physiques  de 
la  Vie:’ 

Injection  of  Water. — The  injection  of  water  into  the  veins  is 
a subject  which  has  also  been  investigated  by  this  able  physiolo- 
gist ; but  on  this  point  the  experiments  which  I have  performed 
do  not  agree  with  those  which  he  has  related.  He  states  that  the 
injection  of  about  a pint  of  warm  water  into  the  jugular  vein  was 
followed  by  the  sudden  diminution  of  the  pressure  in  the  arterial 
system.  On  repeating  this  experiment,  I have,  on  two  occasions, 
found  that  an  opposite  effect  was  produced,  or  that  the  introduc- 
tion of  a considerable  quantity  of  water  into  the  veins  is  followed 
by  an  increase  in  the  pressure  in  the  arteries.  Two  pints  of  water, 
at  a temperature  of  102°  Fall.,  were  gradually  injected  into  the 
veins  of  a dog,  and  it  was  found  that  the  column  of  mercury  sup- 
ported by  the  blood  in  the  arteries  was  full  an  inch  and  a half 
higher  than  it  was  before  the  operation.  This  result  receives  sup- 
port from  the  effects  produced  by  the  injection  of  warm  water  into 
the  veins  in  cases  of  cholera,  which  are  evidently  not  such  as  would 
indicate  that  the  action  of  the  heart  is  diminished.  I think  it 
probable  that  the  animal  operated  on  by  Magendie  was  in  a sink- 
ing state  before  the  injection  of  the  water,  as  it  had  already  serv- 
ed for  one  or  two  experiments. 

II.  Classification  of  Substances. — I shall  now  proceed  to  in- 
vestigate the  action  of  those  substances,  which,  when  injected  into 
the  veins,  exert  a marked  influence  on  the  animal  economy.  For 
reasons,  which  will  be  obvious  as  we  proceed,  it  will  be  advisable 
to  divide  these  substances  into  three  classes.  The  first  class  will 
comprehend  those  which  by  acting  directly  on  the  contractility 
of  the  heart,  and  which,  when  injected  into  the  veins,  produce 
death,  by  suddenly  stopping  the  contractions  of  that  organ.  The 
second  class  will  contain  those  substances,  which,  although  caus- 
ing death  quite  as  rapidly  or  even  more  so  than  the  former,  yet 
leave  the  heart  to  all  appearance  unaffected,  the  action  of  the  poi- 
son being  directly  on  the  nervous  system.  The  third  class  will 
include  those,  which,  though  acting  directly  on  the  nervous  sys- 
tem, yet  agree  in  exerting  a powerful  influence  in  modifying  the 
capillary  circulation.  In  a fourth  class  I shall  advert  to  the  action 
of  several  substances  which  cannot  be  referred  to  either  of  the 
three  foregoing  heads.  Imperfect  as  the  first  investigations  in  so 
comprehensive  a subject  must  necessarily  be,  I think  that  these 
researches,  in  so  far  as  they  have  been  conducted,  will  enable  me 
to  localize  the  action  of  the  greater  number  of  the  substances  ex- 
perimented on,  so  as  to  justify  my  placing  them  in  one  or  the  other 
of  these  classes. 

1.  Substances  acting  on  the  contractility  of  the  heart. — 
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The  substances  which  will  come  under  the  first  class,  and  of 
which  the  action  on  the  heart  has  been  experimentally  investi- 
gated are  the  following  : — the  nitrate,  arsenite,  and  carbonate  of 
potass,  carbonate  of  soda,  ammonia,  iodide  of  arsenic,  oxalic  acid 
and  galls. 

Injection  of  Nitre.— A.  description  of  the  manner  in  which  ni- 
trate of  potass  acts  when  injected  into  the  veins  will  furnish  us  with 
a good  example  of  the  action  of  this  elass  of  substances ; and  by  giv- 
ing a detail  of  an  experiment  with  this  salt,  I shall  be  enabled  todis- 
miss  the  others,  with  a few  remarks  on  their  action,  in  so  far  as  they 
may  differ  from  it.  The  animal  operated  on  was  a dog.  A tube 
was  inserted  into  the  jugular  vein,  by  which  to  inject  the  poison ; 
another  tube  was  inserted  into  the  femoral  artery,  by  which  to 
connect  the  arterial  system  with  the  instrument,  in  order  to  ascer- 
tain the  pressure.  Immediately  before  the  injection  of  the  poison, 
the  column  of  mercury  was  found  equal  to  six  inches. 

Action  of  Nitre. — A solution  containing  fifteen  grains  of  ni- 
trate of  potass,  dissolved  in  six  drachms  of  water,  was  injected 
into  the  vein.  Ten  seconds  after  the  injection,  the  column  of 
mercury  in  the  instrument  began  to  sink,  the  pressure  in  the  ar- 
teries rapidly  diminishing,  owing  to  the  action  of  the  heart  being 
suddenly  stopped.  Thirty  seconds  after  the  injection  of  the  salt, 
the  column  of  mercury  supported  was  only  equal  to  an  inch  and 
a half.  The  animal  continued  struggling  for  some  time  after  the 
heart  had  stopped  beating  ; and  the  respiratory  movements  con- 
tinued 20  seconds  after  the  cessation  of  the  circulation.  The 
struggles  were  evidently  not  convulsive,  and  the  animal  appeared 
quite  sensible  until  death  took  place,  which  happened  about 
45-  seconds  after  the  injection  of  the  poison.  The  thorax  was 
opened  immediately  after  death  ; the  heart  was  exposed  within  a 
minute  and  a half  after  the  injection  of  the  poison.  The  right 
auricle  was  observed  to  be  still  pulsating,  but  not  the  slightest 
contraction  could  be  produced  on  any  other  part  of  the  heart,  even 
by  the  galvanic  stimulus.  The  left  side  of  the  heart  was  opened, 
and  found  to  contain  a considerable  quantity  of  blood  of  a bright 
scarlet  colour.  The  right  side  of  the  heart  contained  a quantity 
of  dark  blood. 

When  a very  weak  solution  of  this  salt  is  used,  its  imme- 
diate effect  is  to  cause  dyspnoea,  the  action  of  the  heart  being 
rendered  irregular;  the  pulsations  after  a short  time  become 
quicker,  and  the  pressure  in  the  arterial  system  increased.  A so- 
lution containing  a grain  of  the  salt  produced  these  effects  when 
injected  into  the  veins,  the  height  of  the  column  of  mercury  be- 
ing increased  half  an  inch.  Two  grains,  when  injected,  produced 
an  increase  of  pressure  in  the  arteries  equal  to  two  inches  of  mer- 
cury. Three  grains  were  then  injected  into  the  veins  of  the 
same  dog.  In  25  seconds  after  the  injection,  the  pulsations  of 
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the  heart  were  suddenly  stopped,  and  were  not  again  renewed. 
The  thorax  was  immediately  opened,  the  state  of  the  heart  was 
exactly  the  same  as  in  the  last  experiment ; the  right  auricle  still 
contracting,  but  all  the  other  parts  being  insensible  to  stimuli. 

Action  of  Arsenite  of  Potassa. — Arsenite  of  potass,  when 
injected  into  the  veins,  much  resembles  nitre  in  its  action  on  the 
heart.  It  does  not  appear,  however,  to  exert  so  powerful  an  in- 
fluence in  destroying  the  irritability  of  this  organ  as  nitre.  The 
injection  of  a solution  containing  15  grains  of  this  salt  was  fol- 
lowed by  dyspnoea  in  about  10  seconds;  and  the  sudden  cessa- 
tion of  the  action  of  the  heart,  20  seconds  after  its  introduc- 
tion into  the  veins.  On  opening  the  thorax  the  right  auricle 
contracted  on  being  irritated,  but  the  left  ventricle  could  not  be 
made  to  contract,  even  when  galvanism  was  applied.  The  left  sides 
of  the  heart  contained  a considerable  quantity  of  scarlet  blood. 

Action  of  Carbonate  of  Potass . — Carbonate  of  potass  is  ana- 
logous in  its  action  to  nitre,  although  it  does  not  appear  to  be  so 
deleterious  an  agent.  A solution  containing  five  grains,  when  in- 
jected into  the  veins,  gave  rise  to  the  same  phenomena  as  were 
produced  by  the  injection  of  a grain  of  nitre.  A solution  contain- 
ing twelve  grains  of  this  salt  suddenly  arrested  the  action  of  the 
heart  in  15  seconds  after  its  injection ; a few  slight  and  appa- 
rently partial  pulsations  again  took  place,  but  these  soon  ceased, 
and  the  animal  was  dead  in  about  a minute  and  a half  after  the 
introduction  of  the  poison.  The  necroscopic  appearances  were 
the  same  as  those  described  in  the  last  experiment,  the  heart  re- 
taining after  death  a slight  degree  of  irritability.  The  blood  in 
its  cavities  was  firmly  coagulated. 

Action  of  Subcarbonate  of  Soda. — I have  not  myself  inves- 
tigated the  action  of  subcarbonate  of  soda  ; but  I find  in  an  experi- 
ment recorded  by  Magendie,  that  its  injection  into  the  veins  in  a 
concentrated  state  was  almost  instantly  fatal.  He  attributes  the 
deleterious  action  of  this  substance,  to  the  effect  it  has  in  pre- 
venting the  coagulation  of  the  blood,  and  thus  causing  effusion 
into  the  surrounding  tissues  ; but  I consider  there  can  be  but 
little  doubt,  that  it  was  by  affecting  the  irritability  of  the  heart 
that  it  so  suddenly  caused  death. 

The  action  of  subcarbonate  of  soda  on  the  heart  is  a subject 
which  has  been  experimentally  investigated  since  writing  the  above 
paragraph ; and  the  results  of  the  experiments,  certainly,  do  not  bear 
out  the  explanation  which  has  there  been  given  of  Magendie’s  expe- 
riment. In  the  experiments  performed  by  me  the  heart  retained 
in  a marked  degree  its  irritability,  after  death  had  been  caused  by 
the  injection  of  a strong  solution  of  subcarbonatc  of  soda  into  the 
veins.  Extensive  ecchymosis  had  also  taken  place  in  the  lungs; 
but  at  the  same  time  the  right  side  of  the  heart  was  not  distended 


introduced  into  the  Circulation.  7 

with  blood,  nor  was  the  left  side  in  so  empty  a state  as  would  have 
been  the  case,  had  death  been  caused  by  an  arrest  of  the  pulmonary 
circulation. 

Action  of  Ammonia.— The  action  of  the  ammonia  also  is  a 
subject,  which  I have  not  experimentally  investigated ; but  from  a 
case  related,  with  a rare  degree  of  professional  candour,  in  the 
Medical  Gazette  for  December  30,  1837,  I think  it  is  evident, 
that  its  introduction  into  the  blood  is  followed  by  results  pre- 
cisely analogous  to  those  produced  by  the  substances  whose  action 
we  have  been  considering.  It  is  there  stated  that  the  injection  of 
a solution  of  ammonia  into  a nsevus  was  followed  by  the  sudden 
death  of  the  subject  of  the  operation,  and  which,  from  the  symp- 
toms  described,  I consider  was  owing  to  the  action  of  the  heart 
being  stopped  by  some  of  the  injection  having  entered  the  veins. 

The  supposition  now  advanced  as  to  the  power  of  ammonia  in 
arresting  the  pulsations  of  the  heart  has  since  been  confirmed  by 
direct  experiment.  It  was  found  that  a drachm  of  a strong  solu- 
tion of  ammonia,  mixed  with  six  drachms  of  water,  stopped  the 
action  of  the  heart  twenty-five  seconds  after  its  injection.  The 
heart  retained  a slight  degree  of  irritability  after  death. 

Action  of  Iodide  of  Arsenic. — -Iodide  of  arsenic,  although  so 
poisonous  a substance,  does  not  appear  to  exert  so  strong  an  action 
on  the  heart  as  might  be  expected.  Solutions,  containing  each 
six  grains  of  this  substance,  were  twice  injected  into  the  jugular 
of  a dog,  without  producing  the  slightest  appreciable  effect  on  the 
heart.  On  injecting  a solution,  containing  fifteen  grains  of  this 
substance,  the  action  of  the  heart  was  immediately  stopped.  Only 
the  right  auricle  retained  its  irritability  after  death. 

Action  of  Oxalic  Acid.— Oxalic  acid,  when  introduced  into  the 
veins  in  small  quantities,  does  not  appear  to  exert  any  direct  ac- 
tion on  the  heart.  The  injection  of  half  a drachm  into  the  jugular 
vein  was  followed  by  the  sudden  cessation  of  the  action  of  the  heart. 
The  blood  in  the  left  ventricle  was  scarlet. 

Action  of  Infusion  of  Galls. — -The  effect  of  the  injection  of  a 
w'eak  solution  of  galls  was  to  cause  the  pulsations  of  the  heart  to 
become  slower,  the  pressure  in  the  arterial  system  being  diminish- 
ed. Six  drachms  of  a concentrated  infusion  caused  the  heart  to  stop 
15  seconds  after  its  injection.  On  opening  the  thorax  the  heart 
contracted  on  exposure  to  the  air,  the  left  ventricle  contracting  ap- 
parently more  readily  than  the  right.  Dark  blood  was  found  in 
both  sides  of  the  heart,  although  respiration  did  not  cease  until 
the  action  of  the  heart  had  been  arrested  for  some  seconds.  I think 
it  probable  that  the  presence  of  dark  blood  in  the  left  side  might 
be  accounted  for  by  the  previous  injection  of  a considerable  quarn* 
tity  of  the  substance  having  altered  the  physical  properties  of  the 
blood. 
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Remarks  on  the  Action  of  Nitre , <^c. — Before  proceeding  to 
the  investigation  of  the  mode  of  operation  presented  by  those  sub- 
stances which  act  directly  on  the  nervous  system,  I shall  offer  a few 
remarks  on  the  experiments  already  related. 

The  first  fact  that  strikes  us  on  a review  of  these  experiments 
is  the  sudden  manner  in  which  the  action  of  the  heart  is  stop- 
ped, and  the  almost  total  absence  of  irritability  in  that  organ 
after  death.  In  all  the  experiments  also,  we  have  the  absence  of 
those  symptoms  which  are  usually  considered  as  indicating  an  af- 
fection of  the  nervous  system,  the  time  and  manner  in  which  death 
occurred  corresponding  to  that  which  would  result  had  excision 
of  the  heart  been  performed.  I think  these  facts  are  sufficient  to 
justify  the  arrangements  I have  made  of  these  substances,  as  prov- 
ing fatal  by  acting  locally  on  the  heart. 

Having  attempted  thus  far  to  localize  the  action  of  these  sub- 
stances, the  next  question  which  presents  itself  is,  do  they  act  by 
being  applied  to  the  internal  surface  of  the  heart,  or  is  it  by  circulat- 
ing over  its  parietes?  There  are  many  reasons  which  would  lead  us 
to  conclude  that  it  is  the  circulation  of  these  substances,  when  mixed 
with  the  blood,  over  the  parietes  of  the  heart,  that  produces  the 
affection  of  that  organ.  The  principal  of  these  are,  the  absence 
of  any  immediate  effect  on  the  heart  when  the  substance  is  inject- 
ed, although  it  is  then  applied  in  its  most  concentrated  state  to 
the  lining  membrane  of  the  right  side  ; — the  great  dyspnoea  pro- 
duced before  the  heart  is  affected,  indicating  that  the  substance  is 
passing  through  the  lungs; — and  the  right  side  retaining  its  irrita- 
bility after  death,  although  it  was  to  this  part  of  the  heart  that  the 
substance  was  applied  in  its  most  concentrated  state.  These,  I 
think,  are  sufficient  reasons  for  concluding  that  it  is  through  the 
medium  of  the  blood  circulating  over  the  parietes  of  the  heart 
that  these  sudden  effects  are  produced. 

But  the  most  important  consideration  connected  with  these  ex- 
periments, is  the  endeavour  to  ascertain  on  what  common  property 
possessed  by  these  substances,  their  similarity  of  action  depends. 

There  is  one  property,  however  unlike  these  may  be  in  other 
respects,  in  which  they  all  agree,  and  this  is,  in  effecting  consider- 
able changes  in  the  chemical  composition  of  the  blood. 

The  change  of  colour  produced  by  the  presence  of  the  various 
salts  in  the  blood,  the  marked  action  on  organic  substances  by  the 
iodides,  the  dark  colour  imparted  by  the  acids,  and  the  import- 
ant combinations  formed  by  tannin  and  gallic  acid  with  the  con- 
stitution of  the  blood,  are  sufficient  proofs  that  we  are  employing 
substances  which  exert  a considerable  influence  in  modifying  the 
composition  of  this  fluid.  The  present  state  of  our  knowledge  in 
organic  chemistry,  unfortunately,  is  such,  that  we  are  unable  even  to 
form  an  idea  of  the  nature  of  the  changes  which  take  place  in  the 
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blood,  so  that  all  speculation  on  this  point  must  be  useless.  There 
is  one  part,  however,  with  which  that  science  furnishes  us,  which  will 
account  for  the  small  quantity  of  some  of  these  substances  necessary 
to  prove  fatal.  This  is  the  formation  of  definite  compounds  between 
organic  substances  and  inorganic  bases,  containing  not  more  than 
two  or  three  per  cent,  of  the  inorganic  base,  so  that  the  presence  of 
a few  grains  of  a salt  in  the  blood  may  give  rise  to  an  alteration  in 
a considerable  portion  of  that  fluid. 

Amongst  the  substances  whose  action  we  have  been  considering, 
are  some  which  are  daily  taken  into  the  stomach  in  considerable 
doses,  and  which  are  undoubtedly  rapidly  absorbed  ; and  yet  their 
action  on  the  animal  economy,  when  taken  in  this  manner,  is  cer- 
tainly not  such  as  might  be  supposed  to  result  from  the  absorption 
of  substances,  the  presence  of  which  in  the  blood  in  any  quantity 
must  be  productive  of  such  serious  consequences. 

It  is  an  interesting  fact,  however,  that  the  therapeutical  action 
of  these  substances  (nitre  and  the  carbonates  of  potass  and  soda) 
is  to  increase  the  secretion  of  the  kidnies,  by  which  they  are  again 
rapidly  eliminated  from  the  system,  thus  affording  an  effectual 
means  of  preventing  their  accumulation  in  the  blood  to  any  amount. 

2.  Substances  acting  on  the  Nervous  System. — I shall  now  proceed 
to  investigate  the  action  of  those  substances  on  the  circulation, 
which  appear  to  produce  death  by  destroying  the  functions  of  the 
nervous  system. 

The  substances  the  operation  of  which  I have  experimentally  in- 
vestigated in  this  class  are  strychnia,  conia,  and  hydrocyanic  acid. 
The  manner  in  which  these  substances  act  will  be  illustrated  by 
the  following  experiment. 

Action  of  Strychnia. — A grain  of  strychnia,  dissolved  in  a small 
quantity  of  acetic  acid,  was  injected  into  the  veins  of  a dog.  The 
first  effect  of  the  poison  was  to  produce  general  convulsions  about 
30  seconds  after  its  injection,  the  action  of  the  heart  being  at  the 
same  time  rendered  irregular ; but  I think  this  can  be  fully  ac- 
counted for  by  the  convulsive  struggles  of  the  animal.  All  exter- 
nal signs  of  life  ceased  about  a minute  and  a-half  after  the  injec- 
tion of  the  poison  ; the  heart  still  continued  beating.  A minute 
after  the  apparent  death  of  the  animal,  the  column  of  mercury  in 
the  instrument  indicated  that  the  pressure  in  the  arterial  system 
was  about  equal  to  what  it  was  before  the  introduction  of  the  poi- 
son. The  pressure  in  the  arteries  gradually  became  diminished,  as 
in  the  experiment  in  which  the  effect  of  respiration  on  the  heart 
was  ascertained.  Five  minutes  after  death,  the  column  of  mer- 
cury supported  was  only  equal  to  one  inch  and  a-half.  No  far- 
ther diminution  was  observed,  owing  to  the  blood  in  the  tubes  hav- 
ing coagulated.  The  thorax  was  not  opened  for  a quarter  of  an 
hour  after  death.  The  right  sides  of  the  heart  then  contracted  on 
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being  exposed  to  the  air.  They  contained  a considerable  quanti- 
ty of  dark-coloured  blood.  The  left  ventricle  contained  a small 
quantity  of  blood,  which  was  as  dark  as  that  in  the  right. 

Strychnia  when  introduced  into  the  circulation  in  so  small  a 
quantity  as  not  to  produce  any  general  symptoms,  does  not  ap- 
pear to  exert  the  least  influence  on  the  heart. 

Action  of  Hydrocyanic  Acid. — Hydrocyanic  acid  when  in- 
jected into  the  veins,  although  analogous  to  strychnine  in  its 
sudden  action  on  the  nervous  system,  yet  appears  also  to  exert  a 
decided  effect  on  the  heart,  not  apparently  by  destroying  in  any 
degree  its  property  of  contracting,  but  by  rendering  the  contrac- 
tions irregular,  and  causing  considerable  variations  in  the  pressure 
in  the  arterial  system. 

Five  drops  of  hydrocyanic  acid  in  six  drachms  of  water  were  in- 
jected into  the  jugular  vein  of  a dog,  the  instrument  being  connected 
with  the  femoral  artery.  In  fifteen  seconds  the  action  of  the  heart 
became  irregular.  The  column  of  mercury,  which  was  before 
equal  to  about  six  inches  and  a-half,  now  oscillated  between  six 
and  twelve  inches,  the  greatest  elevation  being  attained  after  two 
or  three  quickened  pulsations.  These  great  variations  in  pressure 
were  in  part  due  to  the  respiration  being  considerably  affected, 
and  to  the  struggles  of  the  animal.  But  this  cause  certainly  is 
not  sufficient  entirely  to  account  for  it.  Forty-five  seconds  after 
the  injection  of  the  poison  all  respiratory  movements  ceased,  and 
in  a few  seconds  the  animal  appeared  quite  dead.  The  action  of 
the  heart,  however,  still  continued.  Immediately  after  the  death 
of  the  animal,  the  column  of  mercury  indicating  the  pressure  in 
the  arteries  was  about  eight  inches,  or  fully  an  inch  higher  than  it 
was  before  the  injection  of  the  poison.  The  action  of  the  heart 
became  more  regular  a short  time  after  death,  the  pressure  in  the 
arterial  system  gradually  diminishing.  Four  minutes  after  death 
the  column  of  mercury  was  only  one  inch  and  eight-tenths,  the 
pulsations  being  still  100  in  a minute.  The  thorax  was  open- 
ed about  seven  minutes  after  the  apparent  death  of  the  animal. 
The  right  side  was  found  to  be  still  contracting  occasionally.  The 
left  ventricle  did  not  contract  on  the  application  of  mechanical 
stimuli.  Both  sides  of  the  heart  were  distended  with  dark  blood, 
which  was  firmly  coagulated. 

The  injection  of  half  a drachm  of  hydrocyanic  acid  into  the  veins 
was  followed  by  analogous  results  as  regards  the  heart ; in  this 
instance,  however,  only  ten  seconds  elapsed  before  it  was  affect- 
ed, and  the  animal  was  killed  more  quickly. 

Action  of  Conia. — The  action  of  conia  when  injected  into  the 
veins  is  very  analogous  to  that  of  hydrocyanic  acid,  except  that 
the  action  of  the  heart  was  rendered  more  regular  by  its  injection. 
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A single  drop  introduced  into  the  veins  began  to  produce  its 
effects  in  about  thirty  seconds.  These  were  first  manifested  by 
the  respiration  being  stopped,  and  by  the  occurrence  of  general  con- 
vulsions. The  animal  was  apparently  dead  in  about  a minute.  The 
heart  still  continued  pulsating,  and  was  ultimately  stopped  by  as- 
phyxia. On  opening  the  thorax  and  pericardium  the  stimulus  of  the 
air  was  sufficient  to  produce  general  contractions  of  the  heart.  Both 
sides  were  distended  with  blood,  which  was  dark  and  coagulated. 

Remarks  on  Strychnia , fyc. — The  action  of  these  substances, 
strychnia,  hydrocyanic  acid,  and  conia,  affords  a striking  contrast 
with  that  of  those  contained  in  the  former  class. 

In  the  one  instance  the  action  of  the  heart  is  suddenly  arrest- 
ed, the  functions  of  the  nervous  system  being  destroyed  on  ac- 
count of  the  circulation  being  stopped  ; in  the  other  class  of  sub- 
stances we  find  those,  whose  action  is  first  on  the  nervous  system, 
the  heart  remaining  comparatively  unaffected,  carrying  on  the  cir- 
culation as  if  independent  of  the  inanimate  mass  which  surrounds 
it. 

3.  Action  of  the  third  class  of  Substances. — I shall  now  proceed 
to  consider  the  action  of  the  third  class  of  substances,  or  those  which 
appear  to  exert  a decided  effect  in  modifying  the  capillary  circu- 
lation. The  property  here  taken  as  a ground  of  classification  is 
certainly  not  of  such  primary  importance  as  that  which  has  served 
for  the  formation  of  the  other  classes,  which  are  distinguished  by 
the  manner  in  which  the  substances  placed  in  them  produce  death. 

But  in  the  class  now  under  consideration  it  is  not  this  property 
which  has  been  taken  as  the  ground  of  arrangement,  for  they  all 
apparently  prove  fatal  by  acting  on  the  nervous  centres ; but  as  I 
find  they  all  agree  in  exerting  a considerable  influence  in  modify- 
ing the  capillary  circulation,  even  when  not  given  in  any  sufficient 
quantity  to  produce  any  marked  effect  on  the  nervous  system,  I 
have  taken  this  quality  as  that  which  serves  for  their  classification. 

Action  of  Tobacco. — The  first  of  these  substances  which  I 
shall  consider  is  tobacco.  The  pressure  in  the  arterial  system, 
before  the  injection  of  the  poison,  was  equal  to  a column  of  mer- 
cury of  six  inches  and  a-half.  An  infusion  from  about  ten  grains 
of  tobacco  was  injected  into  the  jugular  vein ; in  about  10  seconds 
the  respiration  was  affected,  it  becoming  very  laborious  and  blowing. 
Twenty  seconds  after  the  injection  of  the  poison  the  action  of  the 
heart  suddenly  stopped,  and  in  a few  seconds  the  column  of  mer- 
cury had  diminished  to  two  inches.  After  the  heart  had  stopped 
for  a few  seconds  it  again  began  pulsating,  the  pressure  in  the  ar- 
terial system  becoming  considerably  increased,  and  being  irregu- 
lar, the  column  of  mercury  oscillating  between  six  and  twelve  inches, 
the  oscillations  often  amounting^  four  or  five  inches  at  each  pul- 
sation. In  three  or  four  minutes  the  pressure  was  again  reduced, 
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the  oscillations  not  being  so  great.  The  introduction  of  another 
injection  of  the  same  strength  was  attended  with  exactly  analogous 
results.  On  injecting  an  infusion  from  two  scruples  of  tobacco 
the  heart  was  stopped  in  about  20  seconds,  and  remained  arrested 
for  SO  seconds ; the  column  of  mercury  had  diminished  to  one  inch ; 
but,  on  the  heart  again  commencing  to  pulsate,  the  pressure  in  the 
arterial  system  suddenly  became  increased,  and  in  the  course  of 
four  or  five  pulsations  was  equal  to  a column  of  mercury  of  from 
ten  to  twelve  inches.  The  mercury  oscillated  for  some  time  be- 
tween seven  and  twelve  inches;  it  gradually,  however,  became  more 
regular,  and  sank  to  about  six  inches  and  a-half.  The  animal  did 
not  appear  much  affected  by  the  tobacco  ; the  respiration  was  rather 
deep,  but  there  were  no  convulsive  movements  or  loss  of  consci- 
ousness. 

An  infusion  from  three  drachms  of  tobacco  injected  into  the 
veins  of  another  dog  was  followed,  as  before,  by  the  cessation  of 
the  action  of  the  heart  for  some  seconds ; it  then  again  commen- 
ced beating,  and  the  pressure  in  the  arterial  system  was  much  in- 
creased. The  animal  died  about  two  minutes  after  the  introduc- 
tion of  the  poison  much  convulsed.  The  heart  continued  beat- 
ing some  time  after  death,  and  was  finally  stopped  by  asphyxia. 

Action  of  Euphorbium. — Euphorbium  when  injected  into  the 
veins  appears  to  act  in  a manner  analogous  to  tobacco. 

A solution  when  injected  caused  the  heart  to  stop  in  about 
20  seconds.  The  pressure  in  the  arterial  system  immediately  be- 
fore its  injection  was  equal  to  about  four  inches  of  mercury,  but  it 
suddenly  became  diminished,  the  column  of  mercury  supported 
being  only  an  inch  and  a-half.  After  the  action  of  the  heart  had 
been  suspended  for  30  seconds  it  again  commenced,  and  in  ten 
or  twelve  pulsations  the  pressure  in  the  arterial  system  had  become 
so  considerably  increased,  that  the  column  of  mercury  after  attain- 
ed the  height  of  fifteen  inches,  the  parietes  of  the  arteries  thus 
being  submitted  to  a pressure  nearly  four  times  as  great  as  they 
sustained  before  the  injection  of  the  poison.  The  oscillations  in 
the  column  of  mercury  were  very  considerable,  often  amounting  to 
four  or  five  inches  at  a single  pulsation. 

All  external  signs  of  life  ceased  about  two  minutes  after  the  in- 
jection of  the  poison,  but  the  action  of  the  heart  still  continued. 
Artificial  respiration  was  had  recourse  to  three  minutes  after  all 
signs  of  life  had  ceased,  the  pressure  in  the  arteries  being  still  equal 
to  a column  of  mercury  of  nine  inches.  No  immediate  effect  was 
produced  by  the  inflation  of  the  lungs.  The  pressure  in  the  ar- 
teries gradually  sank. 

Ten  minutes  after  the  apparent  death  of  the  animal  a most  cu- 
rious phenomenon  presented  itsej^f.  The  column  of  mercury  had 
by  this  time  become  diminished  to  two  inches  and  a half,  when 
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in  a few  pulsations  it  again  attained  the  height  of  eight  inches, 
although  not  the  slightest  sign  of  life  had  been  evinced  for  full 
ten  minutes.  Slight  convulsive  movements  took  place  on  this  in- 
crease of  pressure  in  the  arteries,  and  continued  for  a few  seconds. 
Artificial  respiration  was  still  continued,  the  pressure  .again  gradu- 
ally becoming  diminished.  At  twenty-eight  minutes  after  the  ap- 
parent death  of  the  animal  the  column  of  mercury  was  only  about 
one  inch  and  a half.  The  same  extraordinary  increase  in  the  pres- 
sure again  took  place,  the  column  of  mercury  in  the  course  of  a 
few  pulsations  attaining  the  height  of  four  inches.  This  was  not 
accompanied  by  the  slightest  perceptible  movement  of  the  animal, 
eighteen  minutes  having  now  elapsed  since  any  had  been  observ- 
ed. The  motion  of  the  heart  was  finally  stopped  by  injecting  a 
solution  of  euphorbium  into  the  veins,  after  artificial  respiration 
had  been  kept  up  for  thirty-six  minutes.  After  death  extensive 
ecchymosis  was  found  in  all  the  viscera,  particularly  on  the  inter- 
nal surface  of  the  heart,  and  in  the  lungs. 

This,  I think,  must  have  been  the  result  of  the  great  pressure, 
to  which  the  parietes  of  the  blood-vessels  must  have  been  subjected. 

Action  of  Digitalis. — Digitalis  agrees  with  tobacco  and  euphor- 
bium in  modifying  the  capillary  circulation,  but  it  appears  also 
to  exert  a decided  action  on  the  heart,  by  rendering  its  pulsations 
much  slower.  On  injecting  an  infusion  from  about  a drachm  of 
the  leaves,  the  respiration  was  affected  in  five  seconds ; and  ten 
seconds  after  the  injection  of  the  substance  into  the  veins,  the 
heart  was  affected,  its  pulsations  being  rendered  so  slow,  that,  in 
five  seconds,  the  column  of  mercury  indicating  the  pressure  in  the 
arterial  system  had  diminished  from  five  to  two  inches.  After  a 
few  seconds  the  pressure  in  the  arterial  system  again  became  in- 
creased, the  column  of  mercury  being  as  high  as  eight  inches,  the 
pulsations  of  the  heart  again  becoming  quickened.  When  an  in- 
fusion from  three  drachms  of  the  leaves  was  introduced  into  the 
jugular  vein,  the  action  of  the  heart  was  arrested  five  seconds  after 
the  injection  of  the  poison,  and  no  pulsation  was  indicated  after  this. 
The  pressure  in  the  arterial  system  diminished  very  slowly.  One 
minute  after  the  heart  had  stopped,  it  was  still  equal  to  two  inches 
and  a-half  of  mercury.  Respiratory  movements  were  observed 
fully  a minute  and  a half  after  the  heart  had  ceased  beating.  On 
opening  the  thorax  the  heart  was  found  distended  with  blood  and 
motionless,  general  contractions  were  produced  on  exposing  it  to 
the  air.  The  left  cavities  contained  scarlet-coloured  blood. 

The  short  time  (only  five  seconds)  which  occurred  between  the 
injection  of  this  substance,  and  the  cessation  of  the  action  of  the 
heart,  led  me  to  suspect  that  it  might  possibly  affect  that  organ, 
by  acting  in  the  nervous  system  even  before  it  could  be  circulated 
over  its  parietes.  I endeavoured  to  ascertain  if  this  were  really  the 
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case,  by  injecting  a solution  of  it  directly  into  the  arteries,  when 
the  phenomena  observed  fully  proved  the  unfounded  nature  of  this 
opinion.  In  order  that  the  substance  might  be  brought  into  im- 
mediate contact  with  the  brain,  and  also  to  avoid  the  possibility 
of  its  finding  its  way  directly  to  the  heart,  I inserted  a tube  into 
the  carotid  of  a dog,  the  orifice  looking  towards  the  brain.  The 
instrument,  as  in  former  experiments,  was  connected  with  the  fe- 
moral artery.  Another  reason  which  led  me  to  fix  on  the  carotid 
for  introducing  the  injection  was,  that  the  free  anastomoses  of  this 
vessel  would  allow  a portion  of  the  injected  fluid  to  pass  into  the 
general  circulation,  if  the  injection  were  pushed  with  some  force. 
An  ounce  of  an  infusion  of  digitalis,  of  the  same  strength  as  that 
last  used,  was  now  quickly  injected.  The  immediate  effect  of  the 
injection  appeared  to  be  the  production  of  great  pain  to  the  ani- 
mal. Ten  seconds  after  the  injection  had  been  introduced,  the  pres- 
sure in  the  arterial  system  became  suddenly  increased,  the  column 
of  mercury  rising  from  five  inches,  at  which  it  before  stood,  up  to 
twelve  and  fourteen  inches,  considerable  oscillations  taking  place. 
It  was  not  until  forty-five  seconds  after  the  introduction  of  the  poi- 
son that  the  heart  appeared  at  all  affected.  The  pulsations  were 
then  rendered  very  slow,  ten  or  twelve  seconds  elapsing  between 
each  pulsation,  the  pressure  in  the  arteries  was  soon  diminished, 
the  mercury  standing  at  about  three  inches.  The  nervous  system 
was  evidently  much  affected,  but  respiratory  movements  still  oc- 
casionally took  place.  About  four  minutes  after  the  injection  of 
the  poison  the  heart  suddenly  stopped  beating.  The  heart  retain- 
ed its  irritability  after  death,  contracting  readily  on  being  stimu- 
lated. I think  the  increase  of  pressure  in  the  arterial  system, 
taking  place  so  soon  after  the  injection  of  the  poison,  was  owing 
to  a portion  of  it  having  passed  from  the  carotids  into  the  aorta, 
and  being  thus  distributed  over  the  body ; for  supposing  it  to  exert 
on  the  capillaries  that  action,  which  I think  we  are  fully  justified 
in  attributing  to  it,  the  circulation  of  the  poison  through  the  brain 
could  not  have  taken  place  to  any  amount. 

Remarks  on  Tobacco , fyc. — The  only  remark  I have  to  offer 
on  this  class  of  substances  is  the  impossibility  of  accounting  for 
the  great  increase  of  pressure  in  the  arteries,  caused  by  their  in- 
troduction into  the  circulation,  without  allowing  them  to  possess 
that  property  which  has  been  selected  as  the  ground  of  classifica- 
tion, viz.  that  of  modifying  the  capillary  circulation. 

Remarks  on  Euphorbium , SfC. — This  increase  of  pressure  evi- 
dently cannot  depend  on  any  change  effected  in  the  action  of  the 
heart,  as  we  find  it  taking  place  before  that  organ  is  affected.  The 
sudden  cessation  of  the  action  of  the  heart,  when  these  substances 
were  applied  to  it  in  at  all  a concentrated  state,  also  admits  of  an 
explanation,  by  supposing  the  capillary  circulation  over  the  pa- 
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rietes  of  this  organ  to  become  so  obstructed,  that,  for  a short  space 
of  time  at  least,  sufficient  blood  was  not  sent  over  its  parietes  to 
keep  up  its  irritability.  In  endeavouring  to  localize  the  action  of 
these  substances,  two  propositions  present  themselves  ; viz.  is  their 
action  on  the  capillary  circulation  theresult  of  their  direct  application 
to  the  inner  surface  of  these  vessels,  or  does  it  follow  from  some  pe- 
culiar action  they  exert  on  the  nervous  system  ? From  a review  of 
the  above  experiments,  I am  inclined  to  believe  that  these  sub- 
stances act  directly  on  the  capillaries  themselves ; and  from  the 
great  oscillations  observed  in  the  pressure  in  the  arteries,  it  appears 
that  they  also  exert  a power  of  modifying  the  elasticity  of  the  larger 
vessels.  It  would  be  useless  to  attempt  to  enter  into  any  expla- 
nation of  the  manner  in  which  the  two  last  classes  of  substances 
produce  their  effects.  I shall  merely  remark,  that,  though  differ- 
ing considerably  in  their  physical  and  therapeutical  properties,  yet 
none  of  them,  as  far  as  I am  aware  of,  exert  any  marked  effect  on 
the  composition  of  the  blood.  Should  they  act  by  producing  such 
changes,  these  must  be  widely  different  from  those  caused  by  the 
first  class  of  substances,  and  are  such  as  our  present  knowledge  of 
organic  chemistry  does  not  enable  us  to  detect. 

4.  I have  still  a few  remarks  to  offer  on  the  action  of  one  or  two 
substances,  which  I have  not  been  able  to  arrange  in  either  of  the 
above  divisions.  These  are  morphia,  cantharides,  and  nitric  acid. 

Action  of  Morphia. — Morphia  when  introduced  into  the  veins 
shows  its  effects  on  the  heart,  by  rendering  its  pulsations  slower, 
the  pressure  in  the  arterial  system  becoming  diminished.  The 
injection  of  ten  grains  of  acetate  of  morphia  into  the  jugular  of  a 
dog  was  followed  by  a diminished  action  of  the  heart. 

Action  of  Cantharides. — Cantharides,  although  so  different 
from  morphia  in  its  therapeutical  properties,  yet,  when  introduced 
into  the  blood,  has  the  same  effect  on  the  heart,  in  rendering  its 
pulsations  slower,  and  causing  a diminution  of  pressure  in  the  ar- 
teries, which  is  not  followed  by  any  sudden  increase  of  pressure, 
as  in  the  last  class  of  substances. 

An  infusion  from  two  drachms  of  the  flies  was  introduced  into 
the  veins,  without  apparently  causing  much  inconvenience  to  the 
animal.  It  produced  some  dyspnoea  when  passing  through  the 
lungs,  and  slight  irregularity  in  the  action  of  the  heart  for  a few 
seconds. 

Action  of  Nitric  Acid.— The  following  experiment  with  nitric 
acid  affords  us  an  instance  of  death,  produced  apparently  by  ob- 
struction to  the  passage  of  the  blood  through  the  lungs. 

A drachm  of  nitric  acid,  mixed  with  an  ounce  of  water,  was  injected 
into  the  jugular  vein  of  a dog.  Twenty  seconds  after  the  injection, 
violent  struggles  were  produced,  and  all  respiratory  movements  soon 
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ceased.  A minute  after  the  introduction  of  the  acid,  the  column 
of  mercury  indicating  the  pressure  in  the  arterial  system  had  dimi- 
nished from  seven  inches  to  one  inch  and  a-half.  The  animal  was 
now  apparently  dead,  but  partial  efforts  to  vomit  were  observed  two 
minutes  later.  eThe  thorax  was  opened  four  minutes  after  the  in- 
jection of  the  poison.  The  left  side  of  the  heart  was  still  pulsa- 
ting. The  right  side  was  distended  with  blood  to  the  greatest  ex- 
tent possible.  On  opening  it,  its  contents  were  found  to  be  quite 
solid,  resembling  blood  which  had  been  boiled.  This  solid  blood 
would  be  traced  as  far  as  the  second  divisions  of  the  pulmonary 
artery  in  one  direction,  and  extended  the  whole  length  of  the  de- 
scending cava,  and  a short  distance  into  the  iliacs.  The  left  side 
of  the  heart  contained  a small  clot  of  scarlet  blood,  of  the  natural 
colour  and  consistency. 

Action  of  the  Nervous  System. — I shall  now  conclude  the  detail 
of  these  experiments  by  a short  notice  of  one  or  two  which  I have 
performed,  in  order  to  ascertain  the  direct  influence  of  the  nervous 
system  on  the  heart.  I am  sorry  that,  from  the  many  sources  of 
fallacy  which  the  severity  of  the  operation  introduces  in  the  per- 
formance of  these  experiments,  I am  unable  to  bring  the  subject 
forward  in  a more  complete  state.  In  those  experiments  in 
which  I have  obtained  positive  results,  I find  that  the  sudden  de- 
struction of  the  lower  part  of  the  spinal  chord  (from  the  lower  part 
of  the  dorsal  portion  to  the  end)  is  not  followed  by  any  direct  ac- 
tion on  the  heart,  or  diminution  of  the  pressure  in  the  arteries. 
I have  also  destroyed  the  portion  extending  from  the  lower  part 
of  the  dorsal  to  the  upper  part  of  the  cervical  region,  without  pro- 
ducing any  direct  effect  on  the  heart,  that  organ  gradually  stop- 
ping from  the  asphyxia  which  was  produced  by  the  operation. 

I have  now  brought  to  a conclusion  the  detail  of  the  experi- 
ments performed  by  me  with  a view  to  ascertain  the  mode  in  which 
various  agents,  chemical  and  pharmaceutical,  act,  when  introduced 
into  the  veins.  I shall  not  presume  to  occupy  your  time  by  attempt- 
ing to  enter  into  any  theoretical  deductions  from  them,  which  would 
come  with  a bad  grace  from  one  who  is  still  engaged  in  studying 
the  elementary  branches  of  his  profession.  My  aim  has  been  to 
render  these  notices  as  strictly  experimental  as  possible,  and  to 
bring  forward  a few  facts  which  might  serve  to  call  the  attention 
of  more  able  inquirers  than  myself  to  a subject,  the  investigation 
of  which  is,  I think,  likely  to  throw  much  light  on  many  interest- 
ing questions  in  physiology.  And  it  is  this  which  must  serve  as 
my  apology  for  bringing  the  subject  forward  in  so  unfinished  a 
form. 
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MEMOIRE 


SUR  LES 

EFFETS  DE  DIVERSES  SUBSTANCES  SALINES 

INJECTEES 

DANS  LE  SYSTEME  RESPIRAT01RE. 


Le  memoire  que j’ai  l’honneur  de  presenter  a l’Academie  con- 
tienl  des  experiences  failes  dans  le  but  d’examiner  les  pheno- 
menes  produits  par  1’introduction  de  certains  sels  dans  les  voies 
de  la  circulation. 

Les  physiologistes  du  sieele  dernier  s’occuperent  de  ce  sujet 
sous  le  point  de  vue  des  applications  qu'on  en  peut  faire  a la 
therapeutique  : maisaucun  n’en  fit  l’objetd’une  etude  purement 
physiologique,  leurs  recherches  n’etant  pas  faites  dans  le  but 
d’eclairer  les  phenomenes  compliques  de  reaction  du  sang,  em- 
poisonne,  pour  ainsi  dire,  par  la  presence  de  quelques  sels,  sufles 
divers  tissus  del’organisme.  Pourtantilest clair  que  lapropriete 
que  possedent  certaines  substances  du  regne  mineral  de  pro- 
duire  dans  le  sang  des  alterations  bien  constantes.  les  rend  de 
precieux  reactifs  pour  le  physiologiste,  et  qu’une  observa- 
tion attentive  des  effets  qu’elles  produisent  sur  I’economie,  ac- 
compagnee  d’une  exacte  analyse  des  changements  qu’elles  ope- 
rent  dans  lesang,  ne  peuvent  manquer  de  jeter  unjour  ecla- 
tant  sur  quelques  unes  des  plus  importanles  questions  de  la 
physiologic. 

L’etat  actuel  de  la  chimie  organique  ne  permet  malheureuse- 
ment  pas  au  physiologiste  de  recueillir  encore  de  ses  experien- 
ces tout  le  fruit  qu’il  en  obtiendrait,  si  cette  science,  plus  par- 
faite  dans  ses  procedes,  lui  fournissait  les  moyens  d’apprecier 
d’une  maniere  rigoureuse  les  changements  que  subit  le  sang  par 
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son  contact  avec  les  sels.  Nalurellement  arrete  par  cette  consi- 
deration, l’auteur  de  ce  memoire  a du  se  borner  au  simple  recit 
des  faits  qu’il  a observes,  dans  1’espoir  que  cette  savanle  as- 
semble ne  les  jugera  pas  indignes  de  son  attention. 

Un  ecril  de  la  nature  de  celui-ci  ne  saurait  comprendre  le 
recit  des  experiences  failes  jusqu’a  ce  jour  sur  le  sujet  qui  nous 
occupe  : II  en  existe  d’ailleuis  une  volumineuse  histoire 
dans  un  ouvrage  publie  par  Scheele.  II  paraitrait,  d’apres  les 
details  que  donne  cel  auteur,  que  quelques  uns  des  faits  que  je 
vais  rapporter  avaienl  etedeja  notespar  plusieurs  observaleurs; 
mais  leurs  recherches  se  rapporlaient  exclusivement  a Taction 
therapeulique  de  ces  substances  silines  introduiles  dans  le  tor- 
rent de  la  circulation  ; et  absorbes  par  la  question  medicale, 
ils  negligerent  la  question  physiojogique.  D’interessantes  expe- 
riences sur  ce  sujet  oin  aussi  ete  publiees  par  M.  Magendie 
dans  ses  Legons  sur  les  phenomhnes  physiques  de  la  vie , 
ouvrage  auquel  j'aurai  d’aiileurs  occasion  de  revenir.  Dans  un 
memoire  queje  lus  en  1838,  a T Association  anglaise  pour  les 
progres  des  sciences , memoire  qui  depuis  fut  publie  par  le 
journal  medical  el  chirurgical  d’Edimbourg  (avril  1839),  je  fis 
allusion  aux  elfets  que  certains  sels  paraissent  produire  surl’e- 
eonomie;  mais  a cette  epoque  j’avais  encore  besoin  de  quel- 
ques recherches  pour  arriver  a ces  conclusions  generales  qu’une 
plus  complete  serie  d’experiences  me  permet  d’adopter 
aujourd’hui. 

Ce  memoire  contient  le  resultat  d’experiences  faites  avec  les 
sels  de  polasse,  de  soude,  d’ammoniaque,  de  baryte,  de  chaux 
et  de  magnesie. 

Les  differences  et  les  rapports  que  presenlent  enlre  elles  ces 
substances,  dans  leurs  effets  sur  l’organisme,  en  font  deux  clas- 
ses distinctes,  ce  qui  rendrait  inutile  le  recit  des  experiences  fai- 
tes sur  chaque  sel  en  particulier.  Je  mebornerai  done  a la  nar- 
ration d’experiences  qui  jeltent  quelque  clarle  sur  les  points  les 
plus  importants  de  Taction  de  deux  sels  ehoisis  dans  Tune  et 
dans  Tautre  classe. 
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Ces  deux  classes  de  substances  different  dans  leur  action  phy- 
siologique,  en  ce  que  les  unes  donnent  la  mort  en  aneantissant 
Tirritabilite  du  coeur  lorsque  les  parois  de  ce  viscere  sont  arro- 
sees  par  le  sang  empoisorme  , tandis  que  le  coeur  ne  paratt  en 
rien  affecte  par  le  contact  des  aulres  qui  font  cesser  la  vie  en 
entravant  la  circulation  pulmonaire.  Cette  difference  d’action 
peut  se  rattacher  a une  difference  de  composition  chimique,  la 
soude  et  les  sels  qu’elle  forme  apportantun  obstacle  au  passage 
du  sang  dans  les  capillaires  du  poumon,  tandis  que  tons  les  sels 
de  potasse , d’ammonique , de  baryte « de  chaux  et  de  magne- 
sie,  tuent  en  paralysant  le  coeur. 

L’experience  suivante  fera  connaitre  les  effets  qui  suivent 
rejection  dans  les  veines  de  la  soude  et  de  ses  composes. 

Exp.  I.  Un  tube  fut  ins6r£  dans  la  veine  jugulair  d’un  chien 
fort,  du  poids  de  14  livres.  Un  autre  tube  introduit  dans  l’artere 
crurale,  mettaitle  syst&me  5 sang  rouge  en  rapport  avec  l’hdnady- 
namometre,  instrument  d’une  valeur  inappreciable  dans  toules  les 
recherchessur  la  circulation.  Un  solute  de  quinze  grains  de  soude 
pure,  dans  six  grosd’eau,  ayantete  aiors  injecl£  dans  la  veine  jugu- 
laire,  on  observa,  apr&ssix  secondes,  une  notable  diminution  de 
lapression  exercee  sur  lesysteme  art£riel.  Cette  pression,  £gale  au 
commencement  de  l’experience  a une  colonne  de  mercure  de  0 
1 10  m.  5 0,140  m.  de  hauteur,  dait  tomb^e  5 0 , 030  m.  Les  oscilla- 
tions continuant  dans  la  colonne  mercurielle  apr£ssa  diminution  , 
prouvaient  cependant  jusqu’a  l’6vidence , que  les  contractions  du 
coeur  continuaient  encore ; de  sorte  qu’on  ne  peut  se  rendre  compte 
de  la  diminution  de  la  colonne  de  mercure , qu’en  admetlant  que 
l’arriv^e  du  sang  au  ventricule  gauche  avait  d£  emp6ch6e.  45  se- 
condes  apr£s  l’injection  du  poison,  l’animal  avait  cess£  de  vivre. 
Apres  avoir  6tudi6  l’effet  local  de  la  substance  inject£e,  nous  ferons 
remuneration  des  symptdmes  genera ux  qu’elle  produisit. 

Le  thorax  ayantete  ouvert  immediatement  apres  la  mort,  le  ven- 
tricule et  l oreilletle  gauches  se  contractaient  encore.  Les  cavites 
droites  etaient  lellement  distendues  par  le  sang  , que  toute  contrac- 
tion de  leurs  parois  etait  impossible  : mais,  en  lirant  un  peu  de 
sang  de  leur  cavite , toutes  deux  recommencerent  5 se  contracter 
Le  sang  renferme  dans  le  coeur  droit  etait  noirAtre  et  ne  se  coagula 
qu’imparfaitement.  Le  ventricule  gauche  contenait  un  petit  caillot 
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do  sang  6carlate,  parfaitement  coagul£.  (II  arrive  quelquefois  que 
tout  le  sang  qui  contient  l’alcali , est  chas$6  du  coeur  droit  avant  que 
la  circulation  pulmonaire  soit  arr£t6e,  et  on  en  trouve  m^me  alors 
parfois  dans  le  ventricule  gauche , maistoujours  en  quantity  trop 
minime  pour  6tre  lanc£  dans  les  artcires.)  Tout  le  syst^me  veineux 
<5tait  gorge  de  sang.  Peu  de  congestion  dans  les  poumons  dont  la 
consisiance  est  normale;  aucun  emp^chement  sanguin  dans  leur 
tissu. 

Dans  une  experience  rapportee  par  M.  Magendie  , dans  ses 
Legons  sur  les  phenomcn es  physiques  de  la  vie , on  lit  qu’une 
solution  de  sous-carbonate  de  soude  ay  ant  ete  injectee  dans  les 
veines,  ce  celebre  physiologiste  attribua  l’arret  de  la  circulation 
pulmonaire  a la  liquefaction  du  sang.  II  me  semble  cependant 
que  la  formation  d’epanchements  sanguins  dans  le  tissu  pulmo- 
naire, est  plutot  le  result  at  de  I’aciion  de  cette  classe  de  sub- 
stances sur  les  capillaires  , action  qui  s’exerce  soil  qu’il  y aitr 
soit  qu’il  n’y  ail  pas  d’epanchement. 

La  cessation  de  Parrivee  du  sang  an  coeur  gauche  , l’absence 
de  sang  alcalin  dans  ses  cavites , et  1’etat  de  congestion  des  ca- 
vites  droites  ainsi  que  de  tout  le  systeme  veineux  , ne  tendent- 
elles  pas  a prouver  que  les  effets  de  ces  substances  sur  Pecono- 
mie  sont  tous  dus  a Pobstacle  qu’elles  apportent  a la  circulation 
pulmonaire  ? 

L’experience  suivante  donne  une  preuve  plus  forte  encore  de 
Paction  de  cette  classe  de  substances  sur  les  capillaires  du 
poumon. 

Exp.  II.  bn  gros  de  nitrate  de  soude,  dissous  dans  six  grosd:eau,  et 
injecte  dansla  veine  jugulaire  semblasuffire  a ParrCtde  la  circulation 
pulmonaire.  Cependant,  le  ventricule  droit  parut  a la  longue  sur- 
monter  Pobstacle.  Comme  dans  la  prec£dente  experience  la  colonne 
mercurielle  dans  rh£madynamometre  tomba  peu  apres  Pinjection 
faite  -y  la  respiration  s’arr£fa  comp!etement,et  Panimal  pendant  deux 
minutes  ne  donna  aucun  signe  de  vie.  Apr&sdeux  minutes  ,, cepen- 
dant,la  respiration  ser6taldit,lapres£ion  art^rielleaugmenta,  etl’ani- 
moi  parulrevenir  a la  vie. La  dypsnee  se  montra  de  nouveau,  et,  an 
bout  de  cinq  autres  minutes,  la  res>  iraiions’arr^ta  encore  et  Panimal 
mourn  t asphyxia,  Phfunatose  <5tant  sans  douteemp£eh£e  par  la  grande 
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quantity  de  liquide  6cumeux  qui  se  forma  dans  les  brooches  et  qui 
s’£chappa  m£me  par  les  narines. 

A la  n^cropsie  on  trouvales  voies  a^riennes  completement  rem- 
plies  de  ce  liquide  spumeux  et  les  poumons  un  peu  congestion's, 
sansqu’aucun  6panchement  apoplectique  se  fdt  fait  dans  le*ir  tissu. 
Lesang  recueilli  apr&s  la  mort  fournit  un  caillot  solide.  L’abon- 
dante  s6cr6tion  form^e  dans  les  voies  a^riennes , est  une  preuve 
de  Taction  sp6cialeque  le  nitrate  de  soude  exerga  sur  les  capillaires 
du  poumon.Une  solution  plus  concentre  de  nitrate arr£tecompl6- 
tement  la  circulation  pulmonaire. 

II  nous  semble  que  ces  experiences  suffisent  pour  demontrer 
l’exactitude  de  l’opinion  ci-dessus  enoncee  sur  l’action  de  ces 
substances  sur  les  vaisseaux  capillaires  du  poumon. 

Etudions  maintenant  les  symptomes  generaux  qui  suivent 
leur  introduction  dans  le  sang  veineux.  Ces  symptomes  , qui 
nous  engageraient  au  premier  abord  a ranger  ces  substances 
parmi  les  poisons  les  plus  rapidement  mortels,  trouvent  cepen- 
dant  une  complete  explication  dans  1’effet  local  produit  sur  les 
capillaires  du  poumon. 

Dans  la  premiere  experience  rapportee,  quinze  grains  de 
soude  ayant  ete  injectes  dans  la  veine  jugulaire  d’un  chien  , les 
phenomenes  generaux  furent  les  suivants  : dix  secondes  apres 
[’injection,  suspension  des  mouvements  respiratoires,  opistho- 
tonos violent  ; trente  secondes  apres  [’injection,  le  spasme 
elait  a son  maximum.  II  diminua  alors  peu  a peu,  et  quarante- 
cinq  secondes  apres  le  commencement  de  1’experience,  l’animal 
parut  avoir  cesse  de  vivre.  Environ  une  minute  et  demie  apres 
que  tous  les  signes  de  la  vie  eurent  cesse,  il  fit  une  on  deux  pro- 
fondes  inspirations  et  ne  bougea  plus. 

Les  nombreuses  experiences  que  j’ai  faites  avec  cette  classe 
de  substances , m’ont  appris  que  ces  mouvements  respiratoires 
ont  generalement  lieu  de  une  a deux  minutes  apres  la  mort  ap- 
parente  de  l’animal.  Dans  certains  cas , ils  ont  ete  le  prelude 
d’un  retour  momentane  a la  vie,  si  la  quantite  de  poison  injecte 
n’avail  pas  ete  trop  considerable.  Dansle  cas  contraire,  ilseu- 
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rent  lieu  apres  que  lous  lesaulres  muscles  du  corps  eurent  per- 
du leur  conlraclilite. 

Tels  sont  les  phenomenes  generaux  qui  suivent  toujours  re- 
jection des  sets  de  soude  en  quantile  notable  dans  les  veines.  Je 
vais  chercher  a rattacher  ces  phenomenes,  tout  nerveux,  a Tac- 
tion locale  que  ces  substances  exercent  sur  la  circulation  pul- 
monaire. 

L’explication  a laquelle  ces  phenomenes  se  pretent  le  mieux, 
consisterait  a les  attribuer  a la  compression  que  doit  eprouver 
l’encephale  par  Taccumulalion  du  sang  dans  le  systeme  a sang 
noir , accumulation  due  a barrel  de  la  circulation  pulmonaire. 
L’experience  suivante  est  deslinee  a prouver  que  celte  cause 
peut  donner  la  clef  de  lous  les  phenomenes  observes. 

Exp.  III.  Un  tube  fut  introduit  dans  la  veine  erurale  d’un  chien 
tube  assez  long  pour  que  son  extr£mit6  penetrcit  dans  la  veine  cave 
ascendante.  Une  injection  de  soude  fut  pouss£e  dans  ia  veine  jugu- 
laire.  Imm6diatement  auparavant,  la  pression  dans  les  veines  ne 
produisait  pas  de  difference  sensible  dans  le  niveau  du  mercure  de 
Th6madynamometre.  Mais,  six  secondes  apres  l’injeclion,  celui-ci 
indiquait  que  les  parois  des  veines  £faient  soumises  a vine  pression 
6gale  a deux  pouces  de  mercure , pression  n£cessairement  supports 
par  les  ventricules  du  cerveau , et  qui  dut  produire  une  compression 
de  Tenc^phale , plus  que  suffisante  pour  rendre  compte  des  ph£no- 
m6nes  morbides. 

Cette  theorie  de  la  cause  de  la  mort  subite  est  appuyee  par  ce 
qui  se  passe  apres  Tintroduelion  de  Tacide  nitrique  dans  les 
veines  : cette  substance , en  solidifiant  le  sang,  Tarrete  a sa 
sortie  du  coeur  droit,  et  produit  ainsi  une  congestion  veineuse 
d’oii  naissent  des  phenomenes  exaclement  semblables  a ceux 
ci-dessus  detailles.  Cependant  Taction  de  ces  substances  ne  se 
borne  pasaux  capillaires  dupournon  :Texperience  suivante  de- 
montre  que  les  capillaires  generaux  en  eprouvent  aussi  une  ac- 
tion telle,  qu’ils  necessitent  de  la  part  du  ventricule  gauche  le 
deployment  d’une  force  triple  de  cellequi  est  necessaire  dans 
l’etat  norma  lde  la  circulation  pour  faire  passer  le  sang  des  ar- 
teres  dans  les  veines. 
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Exp.  IV.  L’h6madynamomelre  ayantiHy  misen  rapport  avec  Par- 
tere  (^morale,  un  tube  fut  introduit  dansl’artere  axillaire,sa  pointe 
diHg£e  vers  le  coeur,  de  msniere  que  toute  injection  pouss£e  dans 
son  calibre  dtit  n6cessairement  passer  dans  I’aorte  et  de  la  dans  les 
arteres.  La  pression  supportee  par  celles-ci , faisait  ^quilibre  & une 
colonne  de  itiercure  de  Om,t  12  a0m,150.  Une  injection  d’un  groset 
demi  de  nitrate  de  sonde  fut  pouss£e  dans  Party  re  axillaire;  quatre 
secondes  apr£s,  la  seringue  n ^tanl  pas  encore  vid£e,  la  pression 
arterielle  comm  eh  $a  5 augmenter , et  en  seize  secondes,  elle  egalait 
une  colonne  de  mercure  de  Om ,350.  Le  mercure  apres  £tre  rest£ 
slationnaire  quebjues  secondes , descendit  graduellement  lorsque  le 
coeur  etil  cess£  de  batlre  par  i’asphyxie  de  Panimal , car  tout  mou- 
venient  respiratoire  cessa  environ  dix  secondes  apres  Pintroduclion 
du  sel  dans  ies  veine;;.  La  presence  du  sel  dans  ie  sang  ne  parut,  en 
aucune  facon  , alt£rer  la  contractility  du  coeur;  les  pulsations  con- 
tinutii'ent  au  contraire  plus  longtemps  qu’a  l’ordinaire  apres  Parrot 
des  mouvements  respiratoires , la  pression  arterielle  persistants 
0m,l50,  trois minutes  apr^s  ia  moi  l apparentede  I’animal.  Les  selsde 
sonde  dont  nous  avons  etudie  Taction  par  la  voie  experimental , 
sont  le  nitrate,  le  sulfate  et  le  carbonate  de  cette  base.  Apres  l’alcali 
pur,  le  nitrate  esl  de  beaucoup  le  plus  dei/dtire ; inject^  h la  dose 
de  deux  gros  dissous  dans  six  gros  d’eau , il  arr£te  la  circulation  pul- 
monaire,  tandis  qu’il  faut  une  once  a une  once  et  demie  d’une  solu- 
tion satur£e  de  sulfate  on  de  carbonate  pour  produire  le  m^me 
i-ysultat 

Je  vais  maintenant , Messieurs , nieltre  devanl  vos  yeux  le  re- 
cit  de  quelques  experiences,  a Table  desquelles  je  demonlrerai 
Taction  de  la  seconde  classe  de  substances,  qui  luent  en  para- 
ysant  le  coeur. 

Exp.  V.  Une  solution  de  trois  grains  de  potasse  pure  dans  six  gros 
d’eau  fut  injectee  dans  la  veine  jugulaire  d un  chien  , apr£s  que 
Th^madynamometre  eftl  ete  mis  en  rapport  avec  l’artere  f£morale. 
Le  seul  eiTet  produit  fut  une  l^gere  acceleration  du  mouvementdu 
coeur,  douzc  secondes  apres  I’injection.  Une  solution  de  six  grains 
fut  alors  poussee  dans  la  jugulaire , el  dix  secondes  apres,  Paction 
du  coeur  cessa  lout  a coup,  comme  le  prouv^rent  la  chute  rapide  de 
la  colonne  de  mercure  et  la  cessation  des  oscillations  du  m£lal. 
Quelques  secondes  apres,  le  mercure  ('tail  tomb£  & z£ro,  sans  oscil- 
lations dues  aux  contractions  du  coeur.  (Les  mouvements  respira- 
toires continuant  quelque  temps  apres  que  ceux  du  coeur  ontcessy. 
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on  doit  prendre  garde  a ne  pas  confondre  les  oscillations  dues  h la 
respiration  avec  celles  qui  r^sultent  de  l’action  du  coeur. ) La  poi- 
trine  fut  ouverte  aussitdt  apr&s  la  mort,  el  le  coeur  mis  a nu  moins 
d’une  minute  apr^sla  derniere  expiration.  Une  16g£re  contraction 
de  Poreillette  droile  fut  le  seul  signe  d’irritabilit6  observe.  Les  parois 
ventriculaires  etai(  nt  completement  immobiles,  et  1 'application  des 
deux  pdles  de  la  pile  ne  purent  m£me  pas  produire  de  contraction. 

Les  caviffs  droites  et  gauches  contenaient  une  grande  quantity  de 
sang  noir  et  bien  coaguhi  a droite,  d’un  beau  rouge  et  en  caillot 
solide  h gauche.  ( L’£tat  du  sang  apres  la  mort  donne  ici  un  exemple 
frappant  de  la  difference  de  Paction  des  substances  6trangeres,  sui- 
vant  qu’il  circule  encore , ou  qu’il  a £t6  retire  de  la  veine. ) 

Independamment  des  indications  fournies  par  l’hemadyna- 
mometre,  1’examen  anatomique  prouve  assez  que  la  potasse 
injecleea  agi  en  detruisant  l’irritabilite  du  coeur.  Mais  rejec- 
tion des  sels  de  cette  seconde  classe  dans  les  veines  d’un  animal 
dont  on  a prealablement  ouvert  la  poitrine  , et  chez  lequel  on 
pratique  la  respiration  artificielle,  fournit  la  preiive  la  plus 
satisfaisante  du  mode  d’action  du  poison,  puisque  de  sept  a dix 
secondes  apres  Pinjection  , on  voit  que  le  coeur  est  lout  a coup 
paralyse. 

L’action  des  sels  de  potasse  est  exactement  la  me  me  que 
Paction  de  la  base.  Le  nitrate,  le  sulfate  et  le  bi-arseniate  ont 
ete  tour  a tour  employes  dans  nos  experiences.  De  tous  ces 
sels,  le  nitrate  parait  le  plus  actif : cinq  ou  six  grains  sulfisent 
pour  arreter  Paction  du  coeur.  L’identite  d’aclion  de  toules  les 
substances  de  cette  classe  nous  permettra  de  nous  bonier  au 
recit  de  la  precedente  experience,  que  nous  donnons  pour 
exemple  des  effets  de  tous  les  sels  de  cette  classe  injectes  dans 
les  veines. 

11  nous  suffira  d’enumerer  ies  substances  dont  nous  avons 
etudle  Paction  dans  nos  experiences;  ce  sont  le  nitrate  de  ba- 
ryte, le  chlorure  de  baryum,  Pammoniaque,  le  nitrate  d’ammo- 
niaque,  le  nitrate  de  chaux,  le  chlorure  de  calcium,  le  nitrate 
et  le  sulfate  de  magnesie.  Inlroduites  dans  les  arleres,  ces  sub- 
stances produiseni  des  effets  qu’on  lira  dans  [’experience  sui- 
vante. 


INTRODUCTION  DE  CERTAINS  SELS  DANS  LE  SANG.  9 

Exp.  6.  Comme  dans  la  quatrieme  experience,  un  tube  fut  intro- 
duit  dans  Partere  axillaire,  Phymadynamometre  ayant  ete  mis  en 
rapport  avec  Partere  crurale.  Une  solution  d’un  gros  de  nitrate  de 
potasse  fut  alors  injects  dans  Partere  axillaire.  Quatre  secondes 
aprts  le  debut  de  Pinjection , la  pression  arterielle  commensal  aug- 
menter,  et  apres  sept  secondes  elle  avail  atleint  0^,350.  Pendant 
quelques  secondes,  la  colonne  mercurielle  oscilla  entre  0m,250  et 
0m,350.  Vingt-cinq  secondes  apres  Pinjection , Paction  du  cceur 
s’arreta  tout  a coup,  et  la  pression  arterielle  diminua  rapidement. 
Le  thorax  etant  ouvert  aussitdt,  on  voit  quelques  petils  mouvements 
partiels  des  oreillettes  et  des  ventricules  , mais  aucune  vraie  con- 
traction de  ces  cavites.  Les  phenomenes  que  presente  cette  expe- 
rience prouvent  que  cesel,  bien  qu’il  traverse  avec  la  plus  grande 
facilite  les  capillaires  du  poumon , exerce  cependant  sur  les  capil- 
laires  generaux  une  action  analogue  h celle  des  sels  de  soude.  Nous 
avons  aussi  une  preuve  convaincante  que  Paction  de  ces  substances 
sur  le  cceur  n’est  pas  le  resultat  d’une  influence  nerveuse  quel- 
conque , puisque,  dans  Pexplrience  precedente , le  poison  traverse 
le  cerveau,  et  cependant  le  ventricule  gauche  continue  a se  con- 
tractor sous  un  poids  de  six  livres  pour  chaque  pouce  carry  de  sa 
surface , le  coeur  n'ayant  et6  paralyse  qu’apres  que  le  sang  empoi- 
sonny  eflt  fait  le  tour  complet  de  la  circulation  et  edt  ety  chassy  sur 
ses  paroispar  les  artdres  coronaires.  (Les  vingt-cinq  secondes  que 
met  le  sang  a parcourir  le  grand  et  le  petit  cercle  circulatoires,  par- 
raitronj  peut  ytre  bien  peu  de  temps;  et  cependant  cesont  quel- 
ques secondes  de  plus  que  ne  met  lesang  & parcourir lem&metrajet; 
le  d61ai , sans  doute , est  caus6  par  la  difficulty  que  le  sang  alt£r6 
yprouve  a traverser  les  capillaires  g^n^raux.  En  preuve  de  la  rapi- 
dity de  la  circulation,  je  renverrai  a un  m^moire  lu  devant  la 
Society  royale  de  Londres , mymoire  dans  lequel  j’ai  rapporty  un 
grand  nombre d’experiences  faites  k ce  sujet). 

Les  effets  generaux  qui  suivent  1’introduction  dans  les  veines 
des  substances  dont  il  s’agit,  sont  precisement  ceux  que  le  rai- 
sonnement  serait  tente  d’attribuer  a priori  a la  paralysie  du 
coeur.  Aussitot  que  les  pulsations  de  ce  viscere  s’arretent,  Pani- 
mal  se  debat  violemment,  les  inspirations  deviennent  profon- 
des,  la  douleur  parait  considerable ; ce  n’est  qu’une  minute  et 
demie  ou  deux  minutes  apres  la  cessation  des  battements  du 
coeur  que  l’animal  parait  perdre  connaissance ; et  les  mouve- 
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merits  respiraloires  continuent  encore  de  une  a trois  minutes 
apres  que  la  circulation  s’est  interrompue.  (II  est  un  pheno- 
mene  general  que  je  n’ai  remarque  qu’apres  Introduction  des 
sels  de  baryte ; je  veux  parler  de  la  continuation  de  quelques 
mouvements  convulsifs  partiels  apres  la  mort : ils  durent  de 
vingt  minutes  a une  demi-heure,  et  sont  plus  marques  dans  la 
moitie  anterieure  du  corps,  peut*etre  parce  que  le  sel  est  plus 
immediatement  repandu  dans  cetle  region  avant  la  suspension 
des  battenrents  du  coeur.) 

Les  effets  generaux  qui  suivent  I’injection  d’une  solution  de 
ces  substances  dans  le  systeme  arteriel,  sont  les  memos  que 
ceux  que  produit  Introduction  des  sels  de  soude  dans  les  arte- 
res,  et  sont  probablemenl  dus  a la  compression  que  doit  subir 
le  cerveau  par  la  pression  augmentee  que  supportent  les 
ar  teres. 

Resumons  en  peu  de  mots  les  principaux  phenomenes  de  nos 
experiences.  Le  premier  fait  qui  frappe  Tesprit,  c’est  le  rapport 
qui  existe  entre  la  composition  chinrique  et  I’action  physiologi- 
que  des  sels  employes.  Ce  rapport  n?est  pas,  il  est  vrai,  tel  que 
l’etat  actuel  de  la  science  des  affinites  chimiques  nous  l’eut  fait 
prevoir ; car  il  est  evident  que  les  decompositions  effectuees 
dans  le  sang  par  ces  sels,  decompositions  sur  lesquelles  roule 
toute  leur  action  physiologique;  il  est  evident,  dis-je,  que  ces 
decompositions  dependent  de  la  base  du  sel,  et  ne  sont  que  peu 
modifiees  par  la  combinaison  de  cette  base  avec  les  acides 
meme  les  plus  puissants.  Ce  fait  est  aussi  en  directe  opposition 
avec  les  conclusions  auxquelles  amene  naturellement  l’etude  de 
1’action  de  ces  substances  sur  le  sang  extrait  des  voies  circula- 
toires ; car,  en  melant  au  sang  une  solution  de  differents  sels, 
les  reactions  produites  dans  le  melange  sont,  autant  qu’une  ana- 
lyse superficielle  permet  d’en  juger,  en  relation  intime  avec  la 
nature  de  Tacide  du  sel.  Nous  en  trouvons  un  frappant  exemple 
dans  ce  qui  se  passe  lorsque  les  nitrates  de  potasse  et  de  soude 
sont  mis  en  contact  avec  le  sang  retire  de  la  veine.  Ces  deux 
sels  empechent  la  coagulation  du  sang,  et  cependant  nous  avons 
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vu  que  leur  action  physiologique  est  bien  differente.  (L’examen 
microscopique  du  sang  mis  en  contact  avec  ces  divers  sels  n’a 
pas  le  moins  du  monde  eclairci  ce  sujet.)  C’est  done  en  vain 
qu’on  tentera  d’expliquer  Taction  physiologique  de  ces  substan- 
ces par  les  changements  qu’elles  produisent  dans  la  compost- 
lion  du  sang,  et  malgre  tout  Tinteret  qui  s’attache  a un  sem- 
blable  probleme , sa  solution  restera  toujours  impossible,  jus- 
qu’aujour  ou  la  chimienous  aura  fourni  les  moyens  d’aperce- 
voir  les  changements  que  subit  le  sang  par  son  contact  avec  les 
matieres  eti  augeres.  II  est  un  fait  plein  d’interet , c’est  que,  de 
tous  les  sels  dont  nous  avons  etudie  Taction,  ce  sont  les  sels  de 
soude  exclusivement  que  Ton  trouve  en  quantite  considerable 
dans  le  sang,  qui  ne  paraissent  pas  rendre  ce  fluide  incapable 
de  continuer  Tirritabilite  du  coeur. 

Quoique  nous  soyons  incapables  de  surprendre  les  change- 
ments moleculaires  survenus  dans  la  composition  du  sang,  il 
est  evident  que  ces  changements  doivent  intervenir  dans  les 
reactions  du  sang  sur  les  tissus,  et  que  ce  liquide  est  rendu 
incapable  d’entretenir  les  fonclions  des  organes  avec  les- 
quels  il  est  en  contact.  II  semble  aussi  que,  devenu  in- 
habile  a maintenir  les  fonctions  d’un  tissu,  il  n’ait  pas,  pour 
cela,  perdu  la  propriete  de  conserver  les  fonctions  d’autres  tis- 
sus; c’est  ainsi  que  la  soude  dans  le  sang,  malgre  son  action 
energique  sur  les  capillaires  du  poumon,  ne  change  pas  la 
composition  de  ce  fluide  au  point  de  le  priver  de  la  propriete 
de  stimuler  le  coeur.  La  meme  remarque  s’applique  aux  chan- 
gements que  produisent  les  sels  de  potasse  inlroduits  dans  le 
sang , au  moyen  desquels  les  capillaires  generaux  eprouvent 
une  action  puissante,  sans  que  les  vaisseaux  capillaires  pul  mo- 
naires  generaux  soient  affectes  en  aucune  maniere.  (Il  me 
semble  probable  qu’on  peut  expliquer  Taction  des  poisons  qui 
affectent  le  sysleme  nerveux,  en  admettant  que  le  sang  vicie, 
sans  l’etre  cependant  de  maniere  a affecter  les  capillaires  ou  le 
tissu  du  coeur,  a perdu  la  propriete  de  subir  les  reactions  ne- 
eessaires  a la  persistance  des  fonctions  des  systemes  nerveux. 
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A l’appui  de  ceite  opinion,  je  dirai  qu’aucun  de  ces  poisons, 
quelque  rapide  que  soil  leur  action,  ne  produisentde  symptd- 
mes  generaux  avant  que  le  sang  qui  les  contient  n’ait  circule 
dans  le  cerveau.  J’ai  donne  des  preuves  de  cette  assertion  dans 
un  Memoire  lu  a la  Societe  royale  de  Londres.) 

L’action  de  certaines  substances  sur  divers  tissus , ou  sur 
dilferents  syslemes  de  capillaires,  est  un  fait  d’une  bien  plus 
haute  portee  que  la  simple  explication  du  mode  d’action  des 
poisons,  puisqu’il  tend  a eclairer  l-action  locale  d’uue  foulc 
d’agents  therapeuliques,  et  les  phenomenes  locaux  qui  decou- 
lent  des  alterations  pathologiques  dont  le  sang  devient  quelque- 
fois  primitivement  le  siege. 
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In  a paper  on  the  actions  of  poison,  which  I presented  to  the 
Royal  Society  in  April  1889,  and  which  was  read  on  the  18th 
of  June  in  the  same  year,  I incidentally  alluded  to  some  experi- 
ments I had  performed  on  the  action  of  salts,  when  injected  into 
the  veins.  On  that  occasion  I merely  noticed  these  experiments, 
on  account  of  their  having  enabled  me  to  determine  the  time  re- 
quired by  the  blood,  to  pass  from  one  part  of  the  system  to 
another. 

The  results  of  my  experiments  on  the  introduction  of  saline  sub- 
stances into  the  vascular  system,  were  communicated  to  the  “ Aca- 
demic des  Sciences”  at  Paris  in  the  same  year.  (This  memoir  was 
published  in  the  u Archives  Generales  de  Medecine,”  November 
1889.)  Since  this  period,  a further  investigation  of  the  subject 
has  afforded  me  many  new  facts,  which  I now  propose  to  lay  be- 
fore the  Society. 

At  the  time  I wrote  my  former  memoirs,  I had  only  investigated 
the  actions  of  the  substances  I had  experimented  with,  in  relation 
to  their  action  on  the  heart,  and  the  changes  to  which  they  appeared 
to  give  rise  in  the  lungs.  I had,  in  fact,  divided  these  substances 
into  two  classes,  one  of  which  included  those  which  appeared  to 
produce  death  by  destroying  the  irritability  of  the  heart,  whilst 
the  other  contained  those  substances,  which  prove  fatal  by  arrest- 
ing the  pulmonary  circulation.  Entirely  occupied  by  these  two 
phenomena,  I had  noticed  but  casually  the  action  which  the 
salts  of  soda  and  potash  appeared  to  exert  on  the  general  capil- 
lary circulation.  The  experiments  I have  now  to  bring  forward 
will  prove,  that  the  effects  that  these  and  some  other  substances 
produce  on  the  general  capillary  circulation,  form  an  important 
element  in  the  investigation  of  their  general  action  on  the  animal 
economy.  But  besides  those  phenomena  which  depend  on  the 
action  of  these  salts  on  the  vascular  system,  there  are  others  to 
which  I had  not  at  all  directed  my  attention,  viz.  the  effect  which 
these  substances  appear  to  give  rise  to,  by  their  contact  with  the 
nervous  and  muscular  tissues.  In  the  present  memoir  I have  care- 
fully recorded  the  effects  produced  by  each  substance  on  the  dif- 
ferent tissues  to  which  I have  now  alluded,  at  least  wrhere  these 
effects  have  been  of  a nature  to  be  readily  appreciated.  1 have,  in 
fact,  endeavoured  to  investigate  the  properties  of  the  living  tissues, 
in  the  same  manner  as  the  chemist  would  investigate  the  nature 
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of  an  inorganic  compound,  that  is,  by  observing  the  phenomena  it 
presents,  when  brought  into  relation  with  other  substances. 

I am  aware  that,  in  the  present  state  of  physiology,  such  a step 
may  appear  rash,  and  not  likely  to  lead  to  any  positive  results  ; but 
I know  of  no  surer  means  that  we  can  command  of  becoming  better 
acquainted  with  the  complicated  phenomena  which  constitute  life, 
than  by  introducing  certain  definite  modifications  in  the  circum- 
stances under  which  these  phenomena  occur ; and  I think  there  can 
be  no  question,  that  the  direct  introduction  of  inorganic  sub- 
stances into  the  blood,  affords  us  one  of  the  most  certain  means  of 
producing  definite  and  appreciable  changes  in  these  circumstances. 
It  is,  however,  equally  true,  that  the  present  imperfect  state  of 
chemistry  leaves  us  completely  in  the  dark  as  to  the  nature  of  the 
perturbations  which  are  thus  produced,  depriving  us  at  the  outset 
of  every  hope  of  arriving  at  any  general  conclusions,  and  confining 
our  researches  to  the  mere  observation  of  facts.  It  is  these  con- 
siderations that  have  induced  me  to  lay  before  the  Society  the 
following  memoir,  although  I am  fully  aware  that  the  ex- 
periments I have  performed,  still  leave  many  voids  to  be  filled  up. 
The  vast  extent  of  the  subject,  however,  involving,  as  it  does, 
some  of  the  highest  physiological  problems,  precludes  the  hope 
that  I should  ever  have  arrived  at  a point,  at  which  I might  con- 
sider these  researches  as  complete. 

Before  proceeding  to  the  detail  of  the  experiments,  I shall 
shortly  describe  the  manner  in  which  they  have  been  performed. 
The  phenomena  connected  with  the  vascular  system  have  been 
observed  by  the  aid  of  the  hsemadynamometer, — an  instrument  in- 
vented by  M.  Poiseuille,  for  ascertaining  the  pressure  that  the 
blood  exerts  on  the  parietes  of  the  vessels.  Had  it  not  been  for 
the  almost  mathematical  precision  which  this  valuable  instrument 
enables  us  to  introduce  in  researches  on  the  circulation,  I certain- 
ly should  never  have  ascertained  many  of  the  facts  which  I have 
now  to  bring  forward.  A description  of  this  instrument  will  be 
found  in  Todd’s  Cyclopaedia  of  Anatomy  and  Physiology,  Art. 
“ Circulation.”  In  ascertaining  the  pressure  of  the  blood  in  the 
arterial  system,  this  instrument  has  always  been  connected  with 
the  femoral  artery.  When  the  substance  experimented  on  has 
been  injected  into  the  veins,  it  is  the  external  jugular  that  has  al- 
ways been  selected  for  this  operation  ; when  into  the  arteries,  the 
injecting  tube  has  been  introduced  either  into  the  right  or  left 
axillary  artery,  the  point  of  the  tube  looking  towards  the  heart,  so 
that  any  fluid  injected  through  it  should  be  forced  through  the 
subclavian  artery  into  the  aorta,  and  thus  become  mixed  with  the 
blood  circulating  through  the  body.  In  all  operations  requiring 
the  use  of  the  hsemadynamometer,  it  is  necessary  that  the  animal 
should  be  confined,  in  order  to  command  the  requisite  degree  of 
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steadiness.  In  these  circumstances,  it  is  impossible  to  observe 
with  accuracy  the  general  symptoms  that  are  produced.  1 have, 
therefore,  always  devoted  a distinct  experiment  for  the  purpose  of 
ascertaining  these  symptoms,  a tube  being  inserted  into  the  ju- 
gular vein,  and  the  animal  being  placed  on  the  floor,  and  allowed 
full  liberty,  the  moment  after  the  substance  to  be  experimented 
with  had  been  introduced  into  the  vein.  In  these  circumstances, 
any  general  symptoms  that  were  produced  would  be  readily  de- 
tected. The  whole  of  these  experiments  have  been  performed  on 
dogs  ; they  have  been  chosen  as  nearly  as  possible  of  the  same 
size  and  strength  : the  general  weight  was  from  12  to  16  pounds. 
The  substances  I have  used  in  these  experiments  have  been  the 
sulphate  and  nitrate  of  magnesia  ; sulphate  of  zinc  ; sulphate  of 
copper ; nitrate  of  lime,  and  chloride  of  calcium  ; chloride  of 
strontium,  and  nitrate  of  strontia  ; chloride  of  barium,  and  nitrate 
of  baryta  ; acetate  of  lead  ; nitrate  and  acetate  of  silver  ; chloride 
of  sodium,  and  nitrate  and  sulphate  of  soda ; nitrate  and  hydro- 
chlorate  of  ammonia ; nitrate,  sulphate,  biarseniate,  and  bicarbo- 
nate of  potassa,  and  the  alkali  itself. 

The  order  in  which  I propose  stating  the  experiments  I have 
performed  with  these  substances,  is  that  in  which  they  are  here  ar- 
ranged. This  arrangement  may  be  considered  in  some  respects  a 
natural  one;  for  each  class  of  salts,  from  magnesia  to  soda,  will  be 
found  connected  by  its  physiological  action  more  closely  writh  the 
salt  that  more  immediately  precedes  and  follows  it,  than  with  any 
other. 

The  fact  which  I stated  in  the  memoir  presented  to  the  Aca- 
demy of  Sciences  at  Paris,  (see  Archives  Generales  de  Med.  Nov. 
1869),  that  all  the  salts  of  the  same  base  exert  an  analogous  ac- 
tion when  introduced  directly  into  the  blood,  a fact,  the  correct- 
ness of  which  has  been  proved  by  a far  more  extended  series  of 
experiments,  will  dispense  with  my  stating  the  action  of  more  than 
one  salt  of  each  base. 

Magnesia . — When  a solution  of  a salt  of  this  base  is  injected 
into  the  veins,  its  first  effect,  if  it  be  not  too  strong,  is  to  quicken 
the  action  of  the  heart ; and  it  also  exerts  a powerful  influence  on 
the  character  of  the  pulse,  as  is  shown  by  the  change  which  takes 
place  in  the  oscillations  of  the  column  of  mercury,  indicating  the 
pressure  in  the  arterial  system.  Six  grains  of  sulphate  of  magne- 
sia, dissolved  in  five  drachms  of  water,  when  injected  into  the 
veins,  caused  the  pulsations  of  the  heart  to  become  quicker  ten 
seconds  after  the  injection,  or  at  the  moment  when  the  blood  con- 
taining the  salt  was  circulated  over  the  heart ; at  the  same  time,  the 
oscillations  of  mercury  in  the  hsemadynamometer  became  much  di- 
minished. The  pressure  in  the  arterial  system  was,  at  the  com- 
mencement of  the  experiment,  equal  to  a column  of  mercury,  va- 
rying from  five  to  seven  inches  and  a half,  at  each  pulsation  of  th 
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heart  ; but  a few  seconds  after  the  injection,  the  column  of  mer- 
cury was  nearly  stationary  at  six  inches,  the  oscillations  not  being 
more  than  two  or  three-tenths  of  an  inch,  instead  of  two  inches 
and  a half,  as  they  were  before  the  injection.  Two  minutes  after 
the  injection,  the  effects  of  the  salt  had  quite  gone  off,  the  action 
of  the  heart  being  just  the  same  as  it  was  before  the  introduction 
of  the  salt.  Five  minutes  after  the  former  experiment,  a solution 
containing  sixteen  grains  of  the  salt  was  injected  into  the  veins, 
and  produced  analogous  effects  on  the  heart  in  about  ten  seconds ; 
thirty  seconds  after  the  injection,  the  pressure  in  the  arterial  sys- 
tem became  lower,  proving  that  some  change  had  taken  place 
either  in  the  quantity  of  blood  sent  into  the  arteries,  or  in 
the  facility  with  which  it  was  discharged  through  the  systematic 
capillaries  ; for  it  can  only  be  by  a modification  of  one  or  the 
other  of  these  elements  that  any  change  can  take  place  in  the 
pressure  in  the  arterial  system.  When  injected  in  larger  quan- 
tities, this  salt  suddenly  arrests  the  action  of  the  heart.  A solu- 
tion containing  a drachm  of  the  salt  to  six  drachms  of  the  water,  ar- 
rested the  action  of  the  heart  eight  seconds  after  its  introduction 
into  the  veins.  The  inspection  of  the  thorax  immediately  after 
death,  discovered  the  heart  motionless,  although  exposed  half  a mi- 
nute after  respiration  had  ceased.  On  opening  the  pericardium, 
slight  movements  were  observed  on  that  part  of  the  parietes  of  the 
ventricle  corresponding  to  the  interventricular  septum.  The  auricles 
were  quite  motionless.  The  left  cavities  of  the  heart  were  filled 
with  blood,  of  a bright  scarlet  colour  ; that  in  the  right  cavity 
was  dark.  The  presence  of  arterialized  blood  in  the  left  cavities 
of  the  heart,  affords  a certain  proof  that  the  movements  of  this 
organ  had  stopped,  before  respiration  had  become  arrested. 

When  injected  into  the  arteries,  the  sulphate  of  magnesia  does 
not  appear  to  have  any  influence  on  the  passage  of  the  blood 
through  the  general  capillaries.  A tube  being  introduced  into  the 
right  axillary  artery,  a solution  containing  sixteen  grains  of  the 
salt  was  injected  into  the  artery.  No  immediate  change  was  ob- 
served in  the  pressure  in  the  arterial  system,  which  could  not  have 
been  the  case,  had  any  change  taken  place  in  the  passage  of  the 
blood  through  the  general  capillaries.  The  immediate  effect  on 
the  column  of  mercury  in  the  hmmadynamometer  cannot  be  care- 
fully noted,  owing  to  the  violent  cries  and  efforts  of  the  animal, 
which  produce  great  oscillations  in  the  mercury ; the  pressure  cer- 
tainly was  not  augmented  ; and  in  about  a minute,  when  the  strug- 
gles of  the  animal  had  ceased,  the  column  of  mercury  was  found 
to  have  diminished  about  one  inch.  Five  minutes  after  the  above 
experiment,  a second  solution,  containing  thirty  grains  of  the  salt, 
was  introduced  into  the  artery.  The  phenomena  that  followed 
were  analogous  to  those  just  described,  except  that  the  oscillations 
in  the  column  of  mercury  were  rendered  less.  When  a much 
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larger  quantity  of  this  salt  is  injected,  death  appears  to  follow, 
owing  to  its  action  on  the  nervous  system  ; as  it  appears  not  to 
arrive  at  the  heart  in  a sufficiently  concentrated  state  to  arrest  its 
pulsations. 

The  general  symptoms  that  follow  the  introduction  of  this  sub- 
stance into  the  veins  depend,  as  might  be  supposed,  on  the  quan- 
tities used.  A solution,  containing  eight  grains  of  the  salt,  when 
injected  into  the  veins,  caused  slight  dyspnoea  ten  seconds  after 
its  introduction ; in  twelve  seconds,  the  animal  fell  down,  as  if 
suddenly  paralysed,  but  soon  rose  again,  and  did  not  appear  to 
suffer  any  inconvenience.  Two  minutes  after  the  injection,  vo- 
miting took  place.  After  a few  minutes,  a solution  containing 
fourteen  grains  was  injected  ; the  animal  was  evidently  affected 
in  ten  seconds  ; in  twelve  seconds,  it  fell  on  its  side ; the  legs  ex- 
tended, and  appeared  totally  deprived  of  all  power  to  move  ; the 
muscles  seemed  even  to  have  lost  their  tonicity,  as  the  limbs 
remained  in  the  position  in  which  they  were  placed  ; there 
were  not  the  slightest  spasms  or  convulsions,  nor  did  the  animal 
appear  to  suffer,  although  perfectly  sensible.  After  lying  in  this 
state  for  ten  minutes,  the  animal  got  up  and  walked,  but  very  un- 
steadily. The  action  of  the  heart  was  arrested  on  introducing 
into  the  veins  a solution  containing  thirty-five  grains  of  the  salt  ; 
the  heart  became  paralysed,  and  the  animal  fell  about  twelve  se- 
conds after  the  injection,  stretched  its  legs,  and  was  dead  in  about 
thirty  seconds, — not  more  than  two  or  three  respiratory  move- 
ments taking  place  after  the  action  of  the  heart  had  ceased.  On 
opening  the  thorax,  the  heart  was  found  in  the  same  state  as  in 
the  case  above  related,  where  this  salt  was  injected  into  the  veins. 
The  presence  of  this  salt  in  the  blood  did  not  interfere  with  its 
coagulation.  The  lungs  were  rather  more  scarlet  than  natural,  but 
their  texture  was  not  altered. 

Before  proceeding  to  relate  the  experiments  that  have  been  per- 
formed with  the  salts  of  zinc,  I would  offer  a few  remarks  on  the 
facts  which  have  been  just  described.  The  effect  produced  by 
small  quantities  of  the  salts  of  magnesia  on  the  heart,  is,  as  I have 
stated,  to  quicken  the  pulsations  of  that  organ,  and  also  to  cause 
a marked  difference  in  the  character  of  the  pulse,  as  shown  by  the 
diminutions  of  the  oscillations  of  the  column  of  mercury  indicat- 
ing the  pressure  in  the  arterial  system.  This  alteration  in  the 
character  of  the  pulse  may  depend  on  two  causes  ; — either  that  the 
ventricular  systole  requires  a longer  time  for  its  completion,  the 
blood  being  thus  forced  into  the  aorta’more  gradually ; — or  it  might 
be  due  to  an  increase  in  the  elasticity  of  the  parietes  of  the  ar- 
teries. It  is  to  the  first  of  these  causes  that  I am  inclined  to  attri- 
bute the  phenomenon  in  question,  although  the  latter  may  parti- 
cipate in  a slight  degree  in  it's  production.  That  a longer  systole 
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of  the  heart  is  not  inconsistent  with  its  quickened  pulsation,  is 
evident;  for  we  have  only  to  suppose  the  period  of  repose  shorter, 
and  we  may  have  the  systole  much  lengthened,  whilst  the  number 
of  the  contractions  of  the  organ  in  a given  time  are  increased. 

The  Salts  of  Zinc. — These  salts  are  very  closely  allied  to  those 
of  magnesia  in  their  physiological  action.  When  injected  into 
the  veins,  in  fact,  the  only  difference  that  exists  in  the  action  of 
these  two  classes  of  salts  is,  that  those  of  zinc  produce  the  same 
effect  as  those  of  magnesia,  even  when  exhibited  in  much  smaller 
doses  ; the  former  also  acting  more  powerfully  on  the  nervous  sys- 
tem. A solution,  containing  three  grains  of  sulphate  of  zinc,  when 
injected  into  the  jugular  vein,  gave  rise  to  a quickened  pulsation 
of  the  heart  ten  seconds  after  its  injection  ; the  oscillations  in  the 
column  of  mercury  were  also  diminished,  and  the  pressure  in  the 
arterial  system  decreased;  two  minutes  after  the  injection,  it  being 
less  by  a column  of  mercury  equal  to  two  inches ; the  action  of 
the  heart  was  also  slower.  Six  grains,  when  injected  into  the 
veins,  exerted  a powerful  influence  on  the  heart ; the  pressure  in 
the  arterial  system  became  diminished  until  it  was  only  equal  to 
a column  of  mercury  of  two  inches.  A solution,  containing  thirty 
grains  of  the  salt,  arrested  the  action  of  the  heart  eight  seconds 
after  it  had  been  introduced  into  veins.  On  opening  the  thorax, 
the  irritability  of  the  heart  was  found  to  be  more  completely  de- 
stroyed than  in  the  experiments  with  magnesia. 

On  injecting  a solution  of  this  substance  into  the  arteries,  it  is 
found  not  to  exert  any  influence  on  the  passage  of  the  blood 
through  the  systematic  capillaries.  Sixteen  grains  introduced 
through  the  axillary  artery  destroyed  life  by  the  action  it  exerted 
on  the  nervous  system  ; the  heart  continued  beating  for  some  time 
after  respiratory  movements  had  ceased.  In  the  complete  pros- 
tration of  strength  which  follows  its  introduction  into  the  veins, 
this  salt  agrees  perfectly  with  the  salt  of  magnesia.  This  prostra- 
tion has  been  noticed  by  Orfila  in  his  “ Traite  des  Poisons,”  T.  i. 
p,  576,  where  he  states,  that,  after  the  injection  of  a quantity  of 
this  salt  into  the  veins,  the  animal  fell  “ comme  une  masse  inerte.” 
The  sensibility  does  not  seem  affected,  nor  are  there  any  convul- 
sions, the  animal  lying,  according  to  the  expression  of  the  French 
toxicologist,  “ dans  un  etat  de  calme  parfait.”  The  injection 
of  a solution  containing  six  grains  of  sulphate  of  zinc  into  the 
veins  of  a dog,  weighing  about  eight  pounds,  was  followed  by  com- 
plete prostration  of  strength.  A solution  containing  three  grains 
more  arrested  the  action  of  the  heart  a few  seconds  after  its  in- 
troduction into  the  veins.  On  opening  the  thorax,  slight  move- 
ments were  still  taking  place  in  the  ventricles  ; the  blood  in  the 
left  side  of  the  heart  was  scarlet ; it  did  not  coagulate.*  The 

* This  salt  appears  to  possess  the  property  of  dissolving,  or  at  least  of  preventing 
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various  experiments  I have  made  with  this  substance  would  lead 
me  to  conclude  that  it  exerts  a more  marked  influence  in  destroy- 
ing the  irritability  of  the  auricles  than  of  the  ventricles.  In  one 
case,  the  ventricles  were  found  contracting  rythmical iy,  when  the 
auricles  were  quite  still. 

Sulphate  of  Copper. — This  substance,  when  injected  into  the 
veins,  exerts  a more  decided  action  on  the  heart,  than  does  the 
sulphate  of  zinc.  The  injection  of  a solution,  containing  six  grains 
of  the  sulphate  of  copper,  gave  rise  to  a quickened  and  fluttering 
action  of  the  heart  ten  seconds  after  its  introduction.  This  was 
followed  in  forty-five  seconds  by  the  pulsations  of  the  heart  becom- 
ing much  slower,  and  a great  diminution  in  the  column  of  mer- 
cury, indicating  the  pressure  in  the  arterial  system,  which  fell  full 
two  inches.  A solution,  containing  fifteen  grains  of  the  salt,  ar- 
rested the  action  of  the  heart  twelve  seconds  after  its  introduction 
into  the  veins.  On  opening  the  thorax,  immediately  after  death, 
the  heart  was  found  motionless,  with  the  exception  of  slight  con- 
tractions of  the  interventricular  septum  ; no  movements  of  the 
auricles  were  observed.  The  right  side  of  the  heart  contained  a 
considerable  quantity  of  dark  blood;  the  left  cavities  contained  a 
smaller  quantity,  which  was  rather  scarlet,  but  not  of  so  bright  a 
tint  as  arterial  blood  ; for  it  appears  the  sulphate  of  copper  inter- 
feres with  the  change  of  colour  which  the  blood  undergoes  in  its 
passage  through  the  lungs,  a point  in  which  it  differs  from  the  salts 
of  zinc.  Injected  into  the  arteries,  this  salt  does  not  exert  any 
influence  on  the  passage  of  the  blood  through  the  systemic  Capil- 
laries. Ten  grains  injected  into  the  axillary  artery,  produced  death 
by  its  action  on  the  nervous  system,  without  causing  an  immediate 
alteration  in  the  pressure  in  the  arteries. 

The  general  symptoms  which  follow  the  introduction  of  the 
sulphate  of  copper  into  the  veins  differs  from  those  produced  by 
the  salts  of  magnesia  and  zinc,  by  the  absence  of  that  complete 
prostration  of  muscular  power  which  is  so  strikingly  characte- 
ristic of  the  action  of  these  latter  salts.  A solution  containing 
three  grains  of  the  salt,  when  injected  into  the  veins,  gave  rise  to 
efforts  to  vomit  two  minutes  after  its  introduction.  On  injecting  a 
solution  containing  four  grains,  into  the  veins  of  the  same  animal, 
there  was  dyspnoea  produced  in  fifteen  seconds.  The  animal  fell 
immediately,  but  continued  moving  its  legs,  which  were  rather 

the  coagulation  of  the  fibrine  of  the  blood.  When  blood  taken  from  animals  in 
whose  veins  this  substance  has  been  injected  is  allowed  to  stand,  a perfectly  clear 
and  limpid  solution  of  the  fibrine  is  obtained,  the  colouring  matter  being  precipi- 
tated apparently  unaltered.  In  fact,  the  sulphate  of  zinc  appears  to  exert  but  little 
influence  on  the  colouring  matter  of  the  blood,  for  when  injected  into  the  veins  in  a 
sufficiently  concentrated  state,  to  completely  change  the  physical  charac  ter  of  this 
fluid,  and  even  of  the  tissue  of  the  lungs  ; yet  the  blood  in  the  left  side  of  the  heart 
is  found  of  a bright  scarlet  colour. 
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stiff,  although  there  were  no  marked  spasms  or  convulsions.  After 
the  animal  had  been  lying  on  its  side  four  minutes,  it  again  rose 
on  its  legs,  during  violent  efforts  to  vomit,  but  it  soon  fell  down 
again.  The  action  of  the  heart  was  arrested  on  introducing  six 
grains  more  into  the  veins;  respiration  was  suspended  in  forty-five 
seconds ; the  conjunctiva  was  sensible  one  minute  after  the  suspen- 
sion of  the  respiratory  movements.  After  every  respiratory  move- 
ment had  been  suspended  during  two  minutes,  respiration  again 
commenced,  and  continued  uninterruptedly  during  a minute  and 
a-half.  The  animal  did  not  in  any  degree  recover  its  sensibility,  or 
the  power  of  voluntary  motion,  during  this  return  of  the  respira- 
tory movements.  In  one  experiment  with  this  substance,  a full 
respiratory  movement  took  place,  on  making  an  incision  into  the 
thorax,  four  minutes  after  the  animal  had  manifested  any  sign  of 
sensation,  and  five  minutes  after  the  action  of  the  heart  had  ceased : 
this  movement  was  probably  reflex ; it  was  not  accompanied  by 
any  marked  irritability  of  the  muscles,  which,  in  fact,  did  not  offer 
those  movements  which  are  generally  produced  in  the  muscular 
fibre,  by  the  contact  of  air,  and  the  irritation  of  the  scalpel,  imme- 
diately after  death.  This  absence  of  irritability  in  the  muscles 
after  death,  produced  by  the  injection  of  sulphate  of  copper  into 
the  veins,  as  also  the  absence  of  irritability  in  the  heart,  has  been 
noticed  by  Orfila.  I have  also  observed  that  the  same  effect 
has  been  produced  on  the  muscular  fibre  by  the  injection  of  the 
salts  of  zinc  and  magnesia. 

The  Salts  of  Lime .. — I am  not  aware  that  any  observations 
have  been  published  on  the  action  of  these  salts  when  introduced 
into  the  veins.  In  their  action  on  the  heart  they  resemble  very 
closely  those  substances  which  have  been  already  noticed.  When 
injected  into  the  veins  in  sufficient  quantities,  they  arrest  the  ac- 
tion of  the  heart  in  fromfeeight  to  twelve  seconds.  To  produce  this 
effect,  a drachm  and  a-half  or  two  drachms  of  the  chloride  of  cal- 
cium or  nitrate  of  lime  are  required.  When  injected  in  small 
quantities,  the  pulsations  of  the  heart  are  rendered  quicker,  and 
the  oscillations  in  the  column  of  mercury  are  diminished.  In  their 
subsequent  action  on  the  heart,  the  salts  of  lime  differ  from  the 
salts  of  magnesia,  copper,  and  zinc,  by  their  tendency  to  make  the 
action  of  the  heart  permanently  quicker,  the  rapidity  of  the  pulsa- 
tions being  increased,  until  they  are  introduced  in  sufficient  quan- 
tities to  paralyse  the  heart.  An  examination  of  the  thorax  imme- 
diately after  death  discovers  the  heart  more  or  less  deprived  of  ir- 
ritability. Sometimes  the  organ  has  been  found  perfectly  motion- 
less. The  blood  in  the  left  cavities  is  always  of  a bright  scarlet 
colour.  When  injected  into  the  arterial  system  the  salts  of  lime 
exert  no  action  on  the  general  capillary  circulation,  the  pressure 
in  the  arteries  not  being  affected. 
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On  injecting  a solution  of  chloride  of  calcium  through  the 
axillary  artery,  I have  noticed  a curious  fact,  that  would  tend 
to  prove,  that,  if  there  be  not  regurgitation  of  blood  into  the 
left  ventricle  during  its  diastole,  there  at  least  cannot  be  any 
onward  current  in  the  ascending  and  transverse  part  of  the 
aorta.  The  fact  to  which  I allude  is,  the  quickening  of  the 
action  of  the  heart  four  seconds  after  the  introduction  of  this 
salt  into  the  axillary  arteries,  its  pulsations  being  affected  in  the 
same  manner  as  when  the  salt  becomes  applied  to  it,  after  being 
introduced  into  the  veins ; the  short  interval  (only  four  seconds) 
elapsing  between  the  injection  of  the  substance  into  the  arteries, 
and  its  action  on  the  heart,  precludes  the  idea,  that  the  salt  would 
have  been  applied  to  that  organ,  after  traversing  the  general  and 
pulmonary  circulation.  The  only  explanation  of  the  facts  that  pre- 
sents itself  is,  that  the  injection  must  have  directly  reached  the 
origin  of  the  coronary  arteries,  and  was  thus  applied  to  the  heart. 
The  force  with  which  the  injection  was  pushed  would  undoubtedly 
favour  this,  as  the  tube  inserted  into  the  axillary  artery  was  small; 
but  this  would  have  been  readily  overcome  by  any  onward  move- 
ment of  the  blood  in  the  aorta.  I have  often  observed  the  same 
phenomenon  when  injecting  other  substances  into  the  axillary  ar- 
tery ; but  sometimes  the  heart  remains  unaffected,  until  sufficient 
time  has  elapsed  for  the  blood  containing  the  substance  to  go  the 
round  of  the  general  and  pulmonary  circulation. 

The  general  symptoms  that  follow  the  introduction  of  the  salts  of 
lime  into  the  veins,  differ  from  those  produced  by  the  salts  of  copper, 
by  the  prostration  of  strength  not  being  so  great,  and  also  by  the 
occurrence  of  spasmodic  and  convulsive  movements.  A solution 
containing  six  grains  of  nitrate  of  lime,  merely  produced  an  ex- 
pression of  pain  when  injected  into  the  veins ; the  injection  of 
fourteen  grains  was  followed  by  a spasmodic  affection  of  the  dia- 
phragm ; this  was  manifested  only  during  expiration,  which  was  per- 
formed by  two  or  three  distinct  efforts : the  same  phenomenon  has 
been  noticed  three  times  : sometimes  the  animal  appeared  to  cough 
two  or  three  times  during  each  expiration.  Efforts  to  vomit  are 
sometimes  produced.  When  a considerable  quantity  of  the  salt 
(from  thirty  to  forty  grains)  has  been  injected  into  the  veins,  the 
strength  of  the  animal  becomes  affected ; it  either  lies  down,  or 
walks  about  very  unsteadily ; the  sensibility  does  not  seem  altered. 
When  the  salt  is  introduced  into  the  veins  in  sufficient  quantities 
to  arrest  the  action  of  the  heart,  general  spasm  is  produced  in 
about  fourteen  seconds.  This  soon  relaxes,  and  respiration  goes  on 
for  forty  or  fifty  seconds.  The  respiratory  movements  are  then  sus- 
pended, but  recommence  in  about  a minute,  when  eight  or  ten  full 
inspirations  generall  y take  place.  A few  seconds  before  respiration 
ceases,  the  whole  of  the  muscles  of  the  body  are  observed  to  be  in 
motion.  These  motions  appear  to  be  owing  to  irregular  contractions 
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of  the  fasciculi  of  the  muscles,  not  affecting  the  whole  of  the  mus- 
cle at  once,  for  they  do  not  give  rise  to  any  general  movement.  It 
resembles  in  fact,  a sort  of  thrill  running  through  the  muscles, 
which  is  most  perceptible  in  the  muscles  of  the  trunk,  where  it. 
continues  some  few  seconds  after  respiration  has  ceased.  It  will 
be  seen  that  this  phenomenon  is  much  more  strongly  marked  af- 
ter the  injection  of  the  salts  of  strontia  into  th^L  veins.  In  all 
the  experiments.  I have  made  with  the  salts  of  lime,  the  lungs  have 
always  been  found  of  a bright  rosy  tint ; — in  other /respects  their  tis- 
sue has  appeared  unaltered.  The  colour  of  the  blood  in  the  left 
cavities  of  the  heart,  has  always  been  of  a bright  scarlet,  and  very 
firmly  coagulated,  the  salts  of  lime  evidently  favouring  the  coagu- 
lation of  the  blood. 

Strontia. — The  salts  of  strontia,  when  injected  into  the  veins, 
destroy  the  irritability  of  the  heart  more  readily  than  the  salts  of 
lime.  In  smaller  quantities  they  render  the  action  of  the  heart 
slower,  and  produce  a diminution  of  pressure  in  the  arterial  sys- 
tem, immediately  after  their  injection.  After  a few  seconds,  the 
pressure  in  the  arteries  again  becomes  augmented,  and  the  oscil- 
lations in  the  column  of  mercury  are  increased.  Ten  seconds  af- 
ter the  introduction  into  the  veins  of  a solution  containing  ten 
grains  of  chloride  of  strontium,  the  column  of  mercury  in  thehse- 
madvnamoineter  fell  one  inch  and  a-half,  and  appeared  to  remain 
stationary  for  two  or  three  seconds  ; it  then  again  rose,  and  fifteen 
seconds  after  the  injection,  it  wras  two  inches  higher  than  before 
the  introduction  of  the  salt  into  the  veins.  The  oscillations  in 
the  column  were  also  much  increased : before  the  injection,  the 
systole  of  the  heart  only  produced  an  oscillation  of  an  inch  in  the 
column  of  mercury  ; it  now  oscillated  three  inches  at  each  pulsa- 
tion ; the  action  of  the  heart  was  also  slower.  The  introduction 
of  forty  grains  into  the  jugular  vein,  arrested  the  action  of  the  heart 
in  fifteen  seconds.  On  opening  the  thorax,  both  auricles  were 
pulsating  regularly  ; the  ventricles  were  motionless  ; both  the  right 
and  left  cavities  of  the  heart  were  full  of  blood  ; that  in  the  left 
side  was  of  a bright  scarlet  colour.  On  introducing  a solution  of 
chloride  of  strontium  into  the  arteries,  the  pressure  in  the  arterial 
system  becomes  augmented  about  four  seconds  after  the  introduc- 
tion of  the  first  portion  of  the  injection.  The  column  of  mercury 
in  the  hsemadynainometer  is  rendered  about  two  inches  higher, 
which  is  sufficient  to  showq  that  the  passage  of  the  blood  through 
the  systemic  capillaries  is  affected.  A solution  containing  thirty- 
six  grains  of  the  salt,  arrested  the  action  of  the  heart  twenty  seconds 
after  its  introduction  into  the  artery.  Thirty  grains  had  been  pre- 
viously injected  into  the  arteries  of  the  same  animal. 

The  salts  of  strontia,  when  introduced  into  the  blood,  appear 
to  act  but  slightly  on  the  nervous  tissue,  the  action  of  the  heart 

c 


1*2 


Mr  Blake  on  the  Action  of 

being  arrested  previously  to  any  general  symptoms  manifesting 
themselves.  Even  when  injected  into  the  arteries,  these  salts  ar- 
rive at  the  heart  in  a sufficiently  concentrated  state  to  arrest  its 
pulsations,  without  having  given  rise  to  any  marked  symptoms  of 
their  action  on  the  nervous  centres.  In  the  experiment  above  al- 
luded to,  in  which  the  heart  was  arrested  by  the  injection  of  thirty- 
six  grains  into  the  arteries,  the  respiration  continued  uninterrupt- 
edly for  three  minutes  after  the  action  of  the.  heart  had  ceased, 
and  the  conjunctiva  was  still  sensible,  two  minutes  after  the  arrest 
of  the  circulation  : the  animal  seemed  to  suffer  a great  deal  of 
pain,  thirty  seconds  after  the  introduction  of  the  salt  into  the  ar- 
teries. Ten  grains  of  nitrate  of  strontia  injected  into  the  veins, 
the  animal  being  at  liberty  to  move  about,  gave  rise  to  no  marked 
symptom.  Sixteen  grains  of  the  salt  arrested  the  action  of  the 
heart ; the  animal  fell  down  ten  seconds  after  the  introduction  of 
the  salt  into  the  veins  ; there  were  no  convulsions,  and  the  animal 
remained  quite  sensible  for  some  time  after  the  heart  had  stopped. 
There  was  expression  of  pain  twenty-five  seconds  after  the  injec- 
tion ; the  respiration  continued  for  a minute  and  a-quarter  ; it 
then  became  suspended  for  a minute,  and  again  commenced,  six 
full  inspirations  taking  place. 

But  the  most  interesting  phenomenon  which  is  produced  by  the 
injection  of  this  salt  into  the  veins,  is  the  continuance  of  muscu- 
lar movements  after  death  ; these  movements  last  for  a quarter  of 
an  hour  or  twenty  minutes  after  death,  giving  rise  to  motions  of 
the  trunk  and  limbs.  I have  observed  them  to  continue  for  forty 
minutes  in  the  muscle  that  had  been  exposed  on  opening  the  tho- 
rax, and  this,  too,  with  sufficient  vigour  to  move  the  ribs,  although 
the  temperature  of  the  atmosphere  was  but  42°  Fahrenheit.  I pro- 
pose to  give  a more  complete  analysis  of  this  phenomenon,  when 
treating  of  the  action  of  the  salts  of  baryta,  which,  together  with 
the  salts  of  lead,  exert  the  same  action  on  the  muscular  fibre. 

Baryta . — The  salts  of  baryta  are  very  analogous  in  their  action 
to  those  of  strontia  ; in  fact,  the  resemblance  that  exists  between 
the  action  of  these  two  classes  of  salts  is  quite  as  marked,  if  not 
more  so,  than  that  which  has  been  noticed  between  the  salts  of 
magnesia  and  of  zinc.  The  only  difference  appears  to  be,  that  the 
salts  of  baryta  are  much  more  poisonous  than  those  of  strontia  ; 
they  are,  in  fact,  the  most  deleterious  substances,  as  far  as  regards 
their  action  on  the  heart,  that  I have  experimented  with.  A so- 
lution containing  a quarter  of  a grain  of  chloride  of  barium,  affect  - 
ed the  heart  twelve  seconds  after  its  introduction  into  the  jugular. 
The  effect  on  the  heart,  and  on  the  pressure  in  the  arteries,  was 
precisely  the  same  as  that  produced  by  the  injection  of  ten  grains 
of  chloride  of  strontium.  On  injecting  two  grains  into  the  veins, 
the  action  of  the  heart  was'arrested  in  twelve  seconds.  On  open- 
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ing  the  thorax,  the  state  of  the  heart  was  the  same  as  in  the  ani- 
mal which  had  been  killed  by  the  injection  of  the  chloride  of  stron- 
tium : the  auricles  were  contracting;  the  ventricles  were  motion- 
less. 

When  injected  into  the  arteries,  the  same  effects  are  produced 
as  when  a salt  of  strontia  is  used.  I shall  merely,  therefore,  re- 
fer to  the  description  of  the  action  of  this  latter  salt,  without  go- 
ing into  any  details  on  the  injection  of  the  salts  of  baryta  into  the 
arteries.  Their  action  on  the  nervous  system  is  so  slight,  as  not 
to  give  rise  to  any  marked  symptoms.  When  the  heart  is  para- 
lysed, the  animal  falls — general  spasm  comes  on,  which  lasts  fora 
few  seconds — respiration  is  not  generally  arrester'  until  two  mi- 
nutes after  the  action  of  the  heart  has  ceased — the  conjunctiva  ge- 
nerally retains  its  sensibility  about  a minute  and  a-half  after  para- 
lysis of  the  heart — the  lungs  are  found  of  a bright  scarlet  colour, 
but  their  texture  appears  unaltered.  Neither  the  salts  of  strontia 
or  baryta,  appear  to  exert  any  influence  on  the  coagulation  of  the 
blood. 

I shall  now  offer  a few  observations  on  one  of  the  most  strik- 
ing phenomenon  which  follow  the  introduction  of  the  salts  of 
baryta  into  the  veins.  I allude  to  the  continuation  of  muscular 
movements  after  death.  I have  already  noticed  this  point,  when 
speaking  of  the  action  of  the  salts  of  strontia;  but  as  this  interest- 
ing fact  has  not  attracted  the  attention  of  previous  observers,  T 
have  thought  it  better  to  give  a few  details  relating  to  it.  In  every 
case  in  which  I have  injected  the  salts  of  baryta  into  the  veins  or 
arteries,  (in  all  eleven  times,)  these  muscular  contractions  have 
been  noticed  after  death.  They  are  never  observed  to  take  place 
with  equal  force  over  the  whole  of  the  body  at  the  same  time,  but 
are  always  most  marked  in  some  particular  set  of  muscles.  I have 
observed  them  most  frequently  in  the  muscles  of  the  thorax  and 
anterior  extremity ; but  I know  of  no  set  of  muscles  in  which  these 
movements  have  not  been  seen.  They  do  not  always  take  place 
immediately  after  death,  the  animal  sometimes  remaining  quite 
still  for  some  minutes,  after  which  the  muscles  may  commence 
contracting.  These  muscular  contractions  are  sometimes  observ- 
ed at  various  parts  of  the  body  at  the  same  time,  or  they  may  be 
confined  almost  wholly  to  one  part,  or  they  may  affect  different 
parts  at  different  periods.  In  one  instance  I have  observed  them 
commence  a few  minutes  after  death  in  the  muscles  attached  to 
the  angles  of  the  mouth  ; from  thence  they  appeared  to  be  pro- 
pagated to  the  muscles  of  the  ear,  the  orbit,  and  of  the  side  of  the 
face ; then  to  the  muscles  of  the  neck,  and  lastly  to  those  of  the 
thorax  and  the  muscles  moving  the  anterior  extremity,  in  which 
they  did  not  take  place  till  ten  minutes  after  death.  The  force  with 
which  the  muscles  contract  is  sometimes  considerable.  I have 
seen  the  posterior  part  of  the  trunk  moved  by  the  contractions  of 
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the  lumbar  muscles,  aud  have  on  two  occasions  observed  the  body 
pushed  away,  on  furnishing  a point  d’appui  to  the  sole  of  the  foot. 
This  last  phenomenon  took  place  ten  minutes  after  the  thorax  had 
been  opened.  The  longest  period  after  death  at  which  I have  ob- 
served these  movements  take  place  spontaneously,  has  been  thirty 
minutes,  and  this  was  in  the  muscles  moving  the  vibricii  or  whisk- 
ers ; but  in  those  muscles  which  had  been  exposed  on  opening  the 
thorax,  I have  seen  vivid  contractions  forty  minutes  after  death, 
and  this  when  the  temperature  of  the  room  in  which  the  animal 
lay  was  at  42°  Fahrenheit.  As  to  the  cause  of  these  movements, 
whether  they  be  owing  to  an  effect  produced  by  the  substance  on 
the  nervous  system,  or  to  its  direct  contact  with  the  muscles,  it 
would  be  premature  of  me  to  give  an  opinion.  There  is  one  fact, 
however,  which  I have  observed,  which  would  tend  to  favour  this 
latter  opinion — it  is,  that  when  these  substances  had  been  inject- 
ed into  the  arteries,  die  contractions  are  generally  most  marked  in 
the  limb,  through  the  artery  of  which  the  injection  has  been  intro- 
duced. No  other  substances  that  I am  aware  of,  besides  the  salts 
of  strontia,  baryta,  and  lead,  give  rise  to  these  movements.* 

Lead— The  salts  of  this  metal,  in  their  physiological  action, 
form  a link  between  the  salts  of  strontia  and  baryta,  and  those  of 
silver  and  soda;  they  agree  with  the  former,  in  their  action  on  the 
heart  and  muscular  tissue,  and  with  the  latter,  by  the  effects  they 
give  rise  to  in  the  lungs.  When  a solution  containing  three  grains 
of  acetate  of  lead,  was  injected  into  the  veins,  the  pressure  in  the 
arterial  system  became  diminished  in  seven  seconds;  four  seconds 
after  this,  the  column  of  mercury  in  the  haemadynamometer  regain- 
ed its  former  height,  and  even  indicated  an  increased  pressure  in 
the  arteries;  the  action  of  the  heart  was  rather  quickened,  and  its 
oscillations  less.  On  injecting  a solution  containing  fourteen 
grains  of  the  salt,  the  pressure  in  the  arteries  was  first  diminished, 
and  then  became  much  increased,  the  column  of  mercury  being 
from  three  to  four  inches  higher,  about  eighteen  seconds  after  the 
injection  ; the  action  of  the  heart  became  slower,  about  two  mi- 
nutes after  the  injection,  and  the  oscillations  at  each  pulsation  of 
the  heart  became  increased.  On  injecting  a solution  containing 

* The  action  of  the  acetate  of  lead  on  the  muscles,  appears  not  to  have  escaped 
the  careful  observation  of  Haller,  for  1 find  a passage  in  Scheele’s  work — (Ueber 
die  transfusion  des  Blutes,  B.  2,  S.  253.)  in  which  he  states,  when  alluding  to  the 
experiments  performed  by  Sproegel  with  this  substance,  “•  that  the  irritability  of  the 
other  muscles  did  not  appear  to  have  been  so  completely  destroyed  as  that  of  the 
heart,  on  the  irritability  of  which  organ  after  death,  Haller  was  unable  to  institute 
any  researches.”  Unfortunately,  1 have  not  been  able  to  find  in  any  of  Haller’s 
works  the  original  passage  to  which  Scheele  refers.  The  only  other  allusion  1 find  to 
this  subject,  is  in  Orfila’s  work  on  poisons,  where  he  states,  that  on  opening  an  ani- 
mal which  had  been  killed  by  an  injection  of  chloride  of  barium  into  the  veins — “ les 
chairs  etoient  palpitantes.” 

Experiments  that  have  been  performed  on  birds  since  this  memoir  was  written, 
prove  that  these  salts  exert  the  same  action  on  the  muscular  fibre  of  this  class  of  ani- 
mals as  they  do  on  that  of  mammalia. — J.  B.  April  23. 
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a drachm  of  the  salt,  into  the  veins,  the  action  of  the  heart  ap- 
peared arrested  in  ten  seconds,  and  the  mercury  in  the  instrument 
fell  rapidly.  The  animal,  apparently  dead,  lay  perfectly  still  a 
minute  and  a-half  after  the  injection,  and  remained  so  for  two  mi- 
nutes ; the  heart  again  commenced  pulsating,  and  the  pressure  in 
the  arterial  system  was  in  a few  seconds  equal  to  a column  of  mer- 
cury of  eight  inches  ; the  respiration  was  also  renewed.  On  in- 
jecting another  drachm  of  the  salt,  (making  in  the  whole  three 
drachms  that  had  been  introduced  into  the  veins,)  the  action  of 
the  heart  was  arrested  in  ten  seconds,  but  the  pulsation  of  the  au- 
ricles appeared  to  have  been  renewed  after  about  a minute,  pro- 
ducing no  effect,  however,  on  the  pressure  in  the  arterial  system, 
which  remained  at  zero.  On  opening  the  thorax,  the  right  auri- 
cle was  found  contracting  feebly,  but  no  movements  were  observed 
on  any  other  part  of  the  organ  ; both  cavities  of  the  heart  contain- 
ed a great  deal  of  blood ; that  in  the  left  side  was  more  scarlet 
than  that  in  the  right ; but  not  of  that  bright  colour  which  arte- 
rial blood  ought  to  be.  When  introduced  into  the  arteries,  the 
acetate  of  lead  is  found  to  influence  the  passage  of  the  blood 
through  the  general  capillaries.  A solution,  containing  six  grains 
of  the  salt,  when  injected  into  the  axillary  artery,  produced  a sud-  ' 
den  increase  of  pressure  in  the  arterial  system ; in  four  seconds, 
the  column  of  mercury,  which,  before  the  injection,  was  equal  to 
from  five  to  six  inches,  began  rapidly  to  rise ; thirty  seconds  after 
the  injection,  it  was  up  to  twelve  inches;  the  respiration  was  ar- 
rested a minifte  and  a-quarter  after  the  -injection ; yet  the  pres- 
sure in  the  arteries  diminished  but  slowly.  Two  minutes  after 
respiration  had  ceased,  the  column  of  mercury  was  still  equal  to 
ten  inches ; at  three  minutes,  it  had  fallen  to  six  inches,  the  con- 
tractions of  the  heart  continuing  regularly,  and  producing  oscilla- 
tions of  half-an-inch  ; at  five  minutes  after  respiration  had  ceased, 
the  mercury  had  sunk  to  three  inches  and  a-half ; and  at  seven 
minutes,  the  pressure  in  the  arteries  was  only  equal  to  a column 
of  mercury  of  two  inches,  the  action  of  the  heart  being  very  weak. 
After  having  readied  this  point,  it  again  became  increased  to  six 
inches,  on  the  animal  taking  a deep  inspiration  ; the  pulsations  of 
the  heart  were  also  rendered  quicker  by  this  renewed  arterializa- 
tion  of  the  blood.  There  was  but  one  respiratory  movement ; 
and  after  this,  the  heart  gradually  became  arrested  as  in  asphyxia. 

The  general  symptoms  that  this  substance  produces  wjien  in- 
troduced into  the  blood,  are  owing  to  two  causes,  either  to  its  ac- 
tion on  the  lungs  and  heart,  or  on  the  nervous  system  ; when  in- 
jected into  the  veins,  it  kills  by  its  action  on  the  lungs,  or  by  de- 
stroying the  irritability  of  the  heart ; but  when  introduced  into 
the  arteries,  it  evidently  proves  fatal,  by  its  action  on  the  nervous 
system,  with  which  it  is  brought  into  direct  contact.  Its  action 
on  the  lungs  is  shown  a few  minutes  after  the  introduction  of  the 
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salts  of  lead  into  the  veins,  by  the  escape  of  a great  deal  of  froth 
from  the  mouth  ; this  froth,  having  its  origin  in  the  air  cells,  speedily 
prevents  the  aeration  of  the  blood,  the  bronchi  and  trachea  being 
filled  with  it,  and  the  animal  thus  perishes  by  asphyxia.  After 
death,  the  lungs  present  the  appearances  observed  in  the  first  and 
second  stages  of  pneumonia,  their  tissue  being  engorged  and  lie- 
patized ; livid  spots  were  observed  on  the  surface,  and  the  air 
passages  were  either  impermeable,  or  filled  with  a frothy  fluid  of  a 
whitish  colour,  but  slightly  tinged  with  the  colouring  matter  of  the 
blood. # This  secretion  is  formed  in  considerable  quantities  ; for 
although  I have  never  been  able  to  collect  the  whole  that  has  been 
produced,  yet  I have  certainly  seen  as  much  as  four  or  five  ounces 
escape  at  the  trachea.  In  one  experiment  an  animal  was  suffo- 
cated by  this  secretion,  after  only  three  grains  of  acetate  of  lead 
had  been  introduced  into  the  veins. 

The  action  of  this  salt  on  the  nervous  system  is  most  strikingly 
shown  when  it  is  introduced  into  the  arteries.  In  an. experiment 
to  which  I have  already  alluded,  respiration  became  suspended  a 
minute  and  a- quarter  after  the  introduction  of  six  grains  of  acetate 
of  lead  into  the  arteries,  (six  grains  had  been  previously  introdu- 
ced in  divided  doses),  the  animal  lay  apparently  dead,  with  the  ex- 
ception of  occasional  movements  of  the  tail  during  the  space  of 
seven  minutes  ; these  movements  of  the  tail  were  very  violent,  but 
were  not  accompanied  by  any  movements  in  other  parts  of  the 
body ; at  the  end  of  seven  minutes,  however,  the  animal  gave  a 
deep  inspiration,  and  then  lay  perfectly  lifeless.  I have  often  ob- 
served this  renewed  respiration  follow  the  injection  of  the  acetate 
of  lead  into  the  veins  ; but  in  these  cases  it  took  place  about  two 
minutes  and  a-half after  respiratory  movementshad  been  suspended. 
When  introduced  into  the  veins  in  sufficient  quantity,  the  acetate 
of  lead  arests  the  action  of  the  heart,  by  its  direct  influence  on 
that  organ.  The  quantity  required  to  produce  this  effect  seems 
to  vary  in  different  cases;  in  the  experiment  above  alluded  to, 
three  drachms  were  injected  into  the  veins,  before  the  action  of 
the  heart  was  stopped,  whilst  I have  in  another  instance  seen  the 
heart  lose  its  irritability,  by  the  introduction  of  only  twelve  grains 
of  the  salt  into  the  venous  system.  I would  observe,  that,  in  the 
former  experiment,  the  animal  was  larger,  weighing  about  twenty 
pounds;  and  also  that  the  salt  was  dissolved  in  spring-water,  aci- 
dulated with  a small  quantity  of  acetic  acid,  distilled  water  being 
used  in  the  other  experiments.  As  I have  before  stated,  this  salt 
gives  rise  to  contractions  in  the  muscular  fibre  after  death ; but 
not  in  so  striking  a manner,  as  do  the  salts  of  strontia  and  baryta. 
The  acetate  of  lead  alters  the  physical  character  of  the  blood,  no 

* A superficial  analysis  of  this  fluid  shows  that  it  contains  a considerable  quan- 
tity of  albumen,  and  by  incineration  lead  can  be  readily  detected  in  it. 
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perfect  coagulation  taking  place,  when  it  has  been  injected  into 
the  veins. 

Silver.— -The  salts  of  silver  agree  with  those  of  lead  in  their 
action  on  the  systemic  capillaries.  They  exert  a more  marked 
action  on  the  lungs ; but  do  not  appear  to  be  so  deleterious  to 
the  heart.  The  injection  of  a solution,  containing  three  grains  of 
nitrate  of  silver,  into  the  veins,  causes’at  first  a diminution,  and 
then  an  increase  in  the  pressure  in  the  arterial  system.  After  a 
short  time,  the  pressure  in  the  arteries  was  again  diminished,  the 
blood  being  no  longer  aerated,  owing  to  the  production  of  a great 
quantity  of  frothy  fluid  in  the  air  passages.  The  animal  died 
from  asphyxia,  about  twelve  minutes  after  the  introduction  of  the 
salt  into  the  veins.  On  opening  the  thorax  immediately  after  re- 
spiration had  ceased,  the  heart  was  found  pulsating  rythmically, 
and  continued  contracting  for  ten  minutes.  The  right  auricle  was 
irritable  half-an-hour  after  the  thorax  had  been  opened.  If  the 
salt  is  introduced  into  the  veins  in  larger  quantities,  the  passage  of 
the  blood  through  the  lungs  is  suddenly  arrested.  On  injecting 
into  the  veins  a solution,  containing  a drachm  of  the  salt,  the  co- 
lumn of  mercury  in  the  hsemadynamometer  began  to  sink  ten  se- 
conds after  the  injection.  At  thirteen  seconds,  it  was  equal  to 
only  two  inches ; nor  were  any  oscillations  produced  in  it,  although 
the  heart  continued  beating  strongly.  The  pressure  in  the  arte- 
ries never  again  rose,  no  blood  being  sent  into  the  arterial  system, 
although  the  heart  could  be  seen  to  be  beating  violently,  by  the 
movements  it  produced  in  the  parietes  of  the  thorax.  The  heart 
was  exposed  three  minutes  after  the  injection ; the  left  ventricle 
w7as  still  contracting  feebly.  The  right  side  of  the  heart  was  so 
distended  with  blood,  as  to  render  contraction  impossible.  The 
left  cavities  appeared  to  have  contracted  on  their  contents,  as 
much  as  the  distended  state  of  the  right  side  would  allow.  There 
Was  a small  quantity  of  dark  blood  in  the  left  ventricle,  which  was 
coagulated,  though  not  very  firmly,  having  been  evidently  slight- 
ly affected  by  the  salt,  a small  portion  of  which  must  have  found 
its  way  to  the  left  side  of  the  heart ; on  opening  the  right  ventri- 
cle, more  than  seven  ounces  of  dark  grumous  blood  escaped  from 
it,  and  from  the  vessels  leading  to  it.  I have,  on  one  occasion, 
seen  the  action  of  the  heart  arrested  after  this  substance  had  been 
introduced  into  the  veins.  It  was,  when  a solution  containing 
twelve  grains  of  the  salt  had  been  used,  the  jugular  veins  having 
been  divided  immediately  after  the  injection,  in  order  to  prevent 
the  brain  from  being  affected,  by  the  great  venous  congestion  that 
supervenes  on  the  arrest  of  the  passage  of  the  blood  through  the 
lungs.  By  this  means,  respiratory  movements  were  not  imme- 
diately arrested,  and  the  blood  containing  the  salt  passed  into  the 
left  side  of  the  heart,  and  became  circulated  over  its  parietes, 
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giving  rise  to  an'  arrest  of  its  contractions  ; but,  even  in  this  case, 
the  ventricles  manifested  signs  of  irritability  ten  minutes  after 
death. 

When  introduced  into  the  arteries,  the  salts  of  silver  evident- 
ly give  rise  to  a great  obstruction  in  the  passage  of  the  blood 
through  the  systemic  capillaries.  A solution  containing  two 
grains  of  the  acetate  of  silver,  when  introduced  into  the  arterial 
system,  gave  rise  to  an  increase  of  pressure  equal  to  a column  of 
mercury  of  six  inches,  two  grains  more  injected  into  the  arteries 
were  sufficient  to  produce  death,  giving  rise  to  a pressure  equal 
to  fifteen  inches  of  mercury.  The  heart  was  stopped  by  asphyxia 
about  five  minutes  after  the  respiration  had  ceased. 

When  the  salts  of  silver  are  injected  into  the  veins,  the  nervous 
system  appears  to  be  affected  solely  by  the  action  of  these  salts 
on  the  lungs  ; for  I have  never  noticed  a symptom  which  I could 
attribute  to  their  direct  action  on  the  nervous  tissue.  When  the 
quantity  injected  is  small,  the  circulation  through  the  lungs  is  not 
arrested,  but  a secretion  takes  place,  which,  by  obstructing  the 
air-passages,  prevents  the  aeration  of  the  blood,  thus  indirectly  af- 
fecting the  nervous  system.  This  secretion,  however,  is  not  always 
produced,  and  yet  even  then  the  animal  seems  to  die  of  asphyxia, 
owing  to  extensive  changes  produced  in  the  tissue  of  the  lungs. 
When  the  quantity  of  the  salt  is  sufficient  to  arrest  the  pulmonary 
circulation,  the  nervous  system  becomes  violently  affected,  owing 
to  the  congestion  which  immediately  takes  place  in  the  veins.  In 
a few  seconds,  opisthotonos  comes  on,  and  the  spasm  relaxes  in  a 
short  time  by  the  death  of  the  animal.  The  effects  that  follow 
the  introduction  of  the  salts  of  silver  into  the  arteries  closely  re- 
semble those  produced  by  the  acetate  of  lead,  when  injected  into 
these  vessels.  Respiration  was  suddenly  suspended  by  the  injec- 
tion of  two  grains  of  nitrate  of  silver  into  the  arteries.  This,  how- 
ever, was  the  second  injection  ; the  respiratory  movements  were 
renewed  three  minutes  after  they  had  been  suspended,  five  or  six 
full  inspirations  taking  place.  1 am  inclined  to  think  the  symp- 
toms which  manifested  themselves  in  this  case,  as  well  as  those  pro- 
duced by  the  salts  of  lead  when  injected  into  the  arteries,  are  owing 
to  the  great  increase  of  pressure  in  the  arterial  system.  The  influ- 
ence which  the  salts  of  silver  exert  over  the  passage  of  the  blood 
through  the  lungs,  is  evidently  much  greater  than  that  of  the  salts 
of  lead,  for  I have  never  seen  the  circulation  of  the  blood  through 
these  organs  totally  arrested  by  any  dose  of  the  latter  salts. 

Soda. — The  salts  of  soda  bear  a close  resemblance  in  their  phy- 
siological action  to  those  of  silver.  In  the  memoir  I read  at  the 
Academie  des  Sciences  at  Paris,  to  which  1 have  before  alluded, 
I have  related  experiments  showing  the  action  of  these  salts  when 
injected  into  the  veins  and  arteries.  As  might  be  expected,  the 
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quantities  required  to  produce  the  same  effects  are  much  greater 
when  the  salts  of  soda  are  used,  than  when  those  of  silver  are  in- 
jected. 1 have  nothing  to  add  to  what  has  already  been  publish- 
ed on  this  subject,  except  the  following  experiment,  which  I per- 
formed at  the  suggestion  of  my  esteemed  friend,  Dr  Sharpey.  It 
furnishes  an  additional  proof  of  the  correctness  of  the  opinion  that 
I had  advanced,  as  to  the  cause  of  the  violent  nervous  symptoms 
that  manifest  themselves  when  the  pulmonary  circulation  is  arrest- 
ed ; and  it  also  shows  how  slight  the  action  of  the  salts  of  soda 
must  be  on  the  nervous  tissue.  The  animal  was  prepared  by  ex- 
posing the  two  jugular  veins.  A solution  containing  three  drachms 
of  nitrate  of  soda  was  injected  into  the  venous  system, — a quan- 
tity more  than  sufficient  to  arrest  the  passage  of  the  blood  through 
the  lungs.  A few  seconds  after  the  injection,  violent  opisthoto- 
nos came  on.  This  was  instantly  relieved  by  dividing  both  the  ju- 
gular veins, — congestion  in  the  brain  being  thus  prevented.  The 
animal  lost  a great  deal  of  blood,  but,  notwithstanding  this,  it  sur- 
vived the  experiment  two  hours.  During  this  time,  no  nervous 
symptoms  were  observed  ; the  respiration  continued  regular, 
there  were  no  convulsions,  and  sensibility  was  unimpaired  ; in 
fact,  the  animal  seemed  only  to  be  suffering  from  loss  of  blood, 
the  presence  of  so  large  a quantity  of  soda  in  the  blood  being  ap- 
parently in  no  way  injurious,  except  by  the  action  it  exerted  on 
the  lungs.  At  the  end  of  two  hours,  the  animal  died  asphyxiated, 
owing  to  the  air-passages  becoming  filled  with  a frothy  secretion.* 
Neither  the  salts  of  soda  or  silver  exert  any  marked  action  on  the 
general  muscular  tissue.  The  irritability  of  the  muscles  after 
death  appears  to  be  rather  increased.  • 

It  now  remains  for  me  to  notice  the  action  of  the  salts  of  am- 
monia and  potassa,  when  injected  into  the  vascular  system.  The 
physiological  action  of  these  substances,  does  not  allow  of  their 
taking  a place  in  that  natural  arrangement  we  have  hitherto  pur- 
sued, and  by  which  a substance  has  always  stood  in  close  physio- 
logical relation  to  that  which  preceded  it,  and  that  which  follow- 
ed it.  There  is  undoubtedly  a great  difference  between  the  ac- 
tion of  the  salts  of  magnesia  and  those  of  soda,  yet  have  we  ob- 
served the  phenomena  which  characterize  the  action  of  these  sub- 
stances, gradually  manifesting  themselves,  or  disappearing;  be- 
coming more  strongly  marked  or  less  perceptible  ; so  that  al- 
though we  find  no  one  phenomenon  common  to  the  substances 
which  occupy  the  extremes  of  the  series,  yet  we  are  unable  to  se- 
lf would  appear  that  Orfila  has  noticed  the  production  of  this  frothy  secretion, 
both  when  the  salts  of  lead,  and  those  of  silver  had  been  injected  into  the  veins.  He, 
however,  seems  to  have  attributed  its  origin  to  the  stomach,  as,  he  says,  the  animal 
vomited  some  whitish  substance,  together  with  a great  quantity  of  frothy  fluid. 
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lect  any  two  substances  placed  together  in  the  intermediate  part  of 
the  scale,  which,  in  their  physiological  action,  do  not  present  many 
striking  points  of  resemblance. 

Ammonia. — The  salts  of  ammonia,  like  most  of  those  substan- 
ces we  have  hitherto  examined,  exert,  when  injected  into  the  veins, 
a powerful  action  on  the  heart : they  differ,  however,  from  theother 
substances,  with  which  they  may  agree  in  this  respect,  both  by 
their  influence  on  the  systemic  capillary  circulation,  and  by  the 
general  symptoms  they  give  rise  to.  When  a weak  solution  of 
the  salts  of  ammonia  is  injected  into  the  veins,  the  action  of  the 
heart  becomes  quickened,  and  the  pulse  smaller,  a few  seconds 
after  the  injection ; the  pressure  in  the  arteries  soon  becomes  in- 
creased, owing  to  the  passage  of  the  blood  through  the  systemic 
capillaries  being  impeded.  A solution  containing  six  grains  of  ni- 
trate of  ammonia,  caused  an  increased  pressure  in  the  arterial  sys- 
tem fifteen  seconds  after  its  injection,  and  at  thirty-five  seconds, 
the  column  of  mercury,  which,  before  the  injection  was  from  four 
to  six  inches,  rose  to  eleven  inches : — this  pressure  soon  became 
reduced,  and  the  action  of  the  heart  irregular,  great  oscillations 
taking  place  in  the  mercury.  A solution  containing  forty  grains 
of  the  salt,  when  injected  into  the  jugular  vein,  caused  an  aug- 
mentation in  the  pressure  in  the  arterial  system,  the  column  of 
mercury  rising  as  high  as  fourteen  inches  a few  seconds  after  the 
injection.  The  action  of  the  heart  was  arrested  ten  seconds  after  the 
introduction  into  the  veins,  of  a solution,  containing  two  drachms 
of  the  salt.  On  opening  the  thorax,  the  auricles  were  contracting 
rythmically,  the  ventricles  appeared  to  have  totally  lost  their  irri- 
tability; both  cavities  of  the  heart  were  full  of  blood,  that  in  the 
left  side  was  scarlet,  and  firmly  coagulated,  that  in  the  right  was 
of  the  ordinary  colour  of  venous  blood.  The  alkali  itself  in  much 
smaller  quantity  produces  the  same  effects.  A solution  contain- 
ing twenty  drops  of  a saturated  solution  of  ammonia,  arrested  the 
action  of  the  heart. 

When  injected  into  the  arteries,  the  salts  of  ammonia  caused  a 
great  augmentation  in  the  pressure  in  the  arterial  system.  A so- 
lution containing  two  drachms  of  the  nitrate  of  ammonia,  arrested 
the  action  of  the  heart  a minute  after  it  had  been  injected  into  the 
axillary  artery,  respiratory  movements  continuing  forty-five  seconds 
after  the  heart  had  stopped. 

The  salts  of  ammonia  appear  to  exert  a powerful  action  on  the 
nervous  system,  agreeing  in  this  respect  much  more  closely  with 
poisons  derived  from  the  organic  kingdom,  than  with  any  inorga- 
nic substances  whose  action  I have  yet  investigated.  Fourteen 
seconds  after  the  injection  into  the  veins,  of  a solution  containing 
ten  grains  of  nitrate  of  ammonia,  the  animal  fell  on  its  side,  affect- 
ed with  slight  convulsions.  After  lying  on  the  ground  for  half-a 
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minute,  it  rose,  and  did  not  appear  to  suffer  the  least  from  the  in- 
jection ; the  introduction  of  ten  grains  more  into  the  veins,  gave 
rise  to  similar  symptoms  ; the  animal  fell,  but  was  again  on  its  legs 
thirty  seconds  after  the  injection,  the  action  of  the  salt  being  ap- 
parently due  to  its  contact  with  the  nervous  tissue,  and  passing  off 
as  soon  as  blood  which  does  not  contain  the  salt,  becomes  again 
circulated  over  the  nervous  centres.  Some  minutes  after  the  injec- 
tion, the  hind  legs  appeared  to  be  partially  paralysed,  and  after 
this  had  passed  off,  first  one  fore  leg,  and  then  the  other,  appear- 
ed to  suffer  in  the  same  manner.  Introduced  into  the  veins  in  lar- 
ger quantities,  these  salts  appear  to  deprive  the  animal  of  the  power 
of  controlling  its  own  movements;  the  whole  body  becomes  violent- 
ly convulsed;  these  convulsions  very  much  resemble  those  produced 
by  strychnine,  and  like  these,  can  be  called  out  by  the  slightest 
jar  or  noise  ; the  respiratory  movements  remain  unaffected,  and  the 
sensibility  appears  unimpaired,  even  in  the  midst  of  the  strongest 
convulsions.  In  two  instances,  after  death  produced  by  the  salts 
of  ammonia,  I have  observed  a sort  of  convulsive  movement  of  the 
left  auricle,  which  was  in  violent  motion,  without,  however,  caus- 
ing any  regular  contraction,  the  movement  seeming  to  part  from 
many  distinct  points. * 

Potass. — The  accounts  I have  already  published  of  the  action 
of  the  salts  of  potass,  (see  Arch.  Gen.de  Med.  Nov.  1839),  will 
enable  me  to  pass  them  over,  with  but  a slight  notice  of  their  action 
on  the  vascular  system.  In  this  respect  they  exactly  resemble  the 
salts  of  ammonia,  producing  the  same  action  on  the  general  ca- 
pillaries, and  on  the  heart ; both  these  substances  appear  also  not 
to  exert  the  least  action  on  the  lungs.  In  their  action  on  the  ner- 
vous system,  there  is  a marked  difference  between  the  salts  of  po- 
tass and  those  of  ammonia, — the  violent  convulsions  which  follow 
the  introduction  of  the  latter  class  of  salts  into  the  veins,  never 
being  observed  when  the  salts  of  potass  are  injected.  After  the 
injection  of  six  grains  of  the  bicarbonate  of  potass  into  the  veins, 
I have  seen  the  animal  fall  on  its  side,  the  posterior  extremities 
slightly  convulsed,  and  after  a few  seconds  again  rise.  On  introdu- 
cing an  additional  quantity  of  the  salt,  the  heart  was  arrested,  the 
salts  of  potass,  after  those  of  baryta,  being  the  most  fatal  to  the 
action  of  the  heart. 

Having  now  related  the  more  important  facts  that  have  been 
observed  in  my  experiments,  I shall  conclude  by  offering  one  or 
two  observations  which  they  appear  to  suggest. 

The  most  curious  fact  which  a consideration  of  the  above  ex- 
periments presents  to  us,  is  the  close  connection  which  appears  to 
exist  between  the  physiological  action  of  these  substances  and  their 

Convulsive  movements  caused  by  the  injection  of  hydrochlorate  of  ammonia  in» 
to  the  veins  have  been  noticed  by  previous  observers. 
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chemical  properties.  The  property  to  which  I more  particularly  al- 
lude is  that  of  isomorphism.  The  analogy  in  the  physiological 
action  of  isomorphous  compounds,  was  first  forced  on  my  notice, 
by  the  perfect  resemblance  that  exists  between  the  salts  of  silver 
and  of  soda  in  their  action  on  the  animal  economy  when  injected 
into  the  veins ; differing  as  these  salts  do  in  their  sensible  chemi- 
cal properties,  but  closely  connected  as  being  isomorphous.  Far- 
ther investigation  soon  proved  to  me  that  this  fact  was  of  far  more 
importance  than  I had  anticipated,  by  showing  that  most  striking 
points  of  resemblance  exist  generally  beween  isomorphous  com- 
pounds in  their  action  on  the  animal  tissues,  when  introduced  di- 
rectly into  the  blood.*  In  the  present  state  of  chemistry,  it  would 
be  useless  to  attempt  to  derive  from  this  fact  any  farther  genera- 
lization, for  the  doctrine  of  isomorphism  itself  is  still  in  a very 
imperfect  state. 

Before  quitting  this  point,  I would  recall  an  observation  I made 
in  a memoir  read  at  the  Academic  des  Sciences  in  June  1839,  and 
which  follows  as  a corollary  from  the  fact  of  the  analogous  action 
of  isomorphous  compounds,  although  I had  no  idea  at  that  time 
that  such  was  the  case.  In  speaking  of  the  connection  between 
the  chemical  composition  of  substances,  and  their  physiological  ac- 
tion, I observed — u Ce  rapport  nest  pas  il  est  vrai  tel  que  Tetat  actuel 
de  la  science  des  affinites  chimiques  nous  feut  fait  prevoir,  car  il 
est  evident,  que  les  decompositions  effectuees  dans  le  sang,  par  ces 
sels,  decompositions  sur  lesquelles  roule  toute  leur  action  physio- 
logique,  il  est  evident  dis-je,  que  ces  decompositions  dependent  de 
la  base  du  sel,  et  ne  sont  que  peu  modifiees  par  la  combinaison  de 
cette  base  avec  les  acides,  meme  les  plus  puissants,”  Should  a 
more  extended  series  of  researches  prove,  that  the  identity  which  I 
have  noticed  in  the  physiological  action  of  isomorphous  compounds 
does  not  in  all  cases  hold  good,  yet  I think  that  the  facts  above 
related  are  sufficient  to  show  that  there  exists  some  intimate  con- 
nection between  the  chemical  properties  of  substances,  and  their 
physiological  action,  the  investigation  of  which  promises  to  furnish 
a rich  field  for  physiological  researches. 

* There  is  apparently  an  exception  to  this  rule  in  the  salts  of  lead,  which,  although 
agreeing  with  those  of  baryta  and  strontia,  in  most  of  the  phenomena  they  present, 
yet  exert  an  analogous  action  on  the  pulmonary  tissue  with  the  salts  of  silver,  with 
which  they  are  not  isomorphous,  but  it  has  been  remarked,  that  there  exists  a strik- 
ing analogy  in  the  combinations  which  the  oxides  of  these  two  bases  form  with  orga- 
nic compounds  ; an  analogy  which  does  not  exist  between  the  oxide  of  silver  and  any 
other  base.  There  is  also  a difference  between  the  action  of  the  salts  of  potass,  and 
those  of  ammonia  on  the  nervous  tissue  ; for  although  these  substances  exert  the  same 
action  on  the  heart  and  the  systemic  capillaries,  yet  the  violent  nervous  symptoms 
that  follow  the  introduction  of  the  salts  of  ammonia  into  the  veins  are  never  produ- 
ced by  the  salts  of  potass.  The  peculiar  action  of  the  salts  of  ammonia  on  the  ner- 
vous tissue, — an  action  which  connects  it  in  its  physiological  relations  with  organic 
poisons, — is  interesting  when  we  consider  the  chemical  composition  of  ammonia, 
standing  as  it  does  between  organic  and  inorganic  compounds. 
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